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THEORY  OF  THE  OXIDATION  OF  S  U  LF  IT  E  -  BIS  U  LF  IT  E  SOLUTIONS 


B  .  A  .  Chertkov 


As  is  known,  the  exposure  of  aqueous  solutions  of  sulfurous  acid  and  its  salts  to  the  atmosphere  or  some  other 
oxygen -containing  gas  results  in  their  partial  oxidation.  This  phenomenon  has  to  be  coped  with  in  the  preparation 
of  the  indicated  solutions,  and  also  when  they  are  used  in  industrial  processes.  The  process  for  the  oxidation  of 
aqueous  solutions  of  sulfurous  acid  and  its  salts  has  been  studied  by  many  investigators,*  A  large  portion  of  these 
studies  was  devoted  to  investigating  the  oxidation  of  sodium  sulfite,  and  this  compound  was  used  as  the  example 
in  evolving  a  general  theory  for  the  oxidation  of  similar  solutions.  The  investigations  revealed  that  the  mechan¬ 
ism  of  this  oxidation  is  considerably  more  complex  than  might  be  expected  on  the  basis  of  the,  at  first  glance, 
comparatively  simple  summary  equation  for  this  reaction:  O2  +  2SO3  '  -►  2SC^  . 

Actually,  the  reaction  with  molecular  oxygen  and  conversion  of  sulfite  to  sulfate  goes  through  a  number  of 
intermediate  compounds,  whose  character  and  the  conditions  for  their  formation  are  still  not  too  clear  at  the  present 
time.  Another  major  complication  here  is  the  sensitivity  of  the  oxidation  process  to  the  action  of  certain  additives, 
capable  of  changing  the  course  of  the  intermediate  reactions,  and  causing  under  some  conditions  an  acceleration, 
and  under  other  conditions,  a  deceleration  of  the  over-all  oxidation  process.  Of  the  earlier  proposed  theories  of¬ 
fering  to  explain  the  mechanism  of  the  intermediate  reactions,  and  also  the  mechanism  of  the  action  of  positive 
and  negative  catalysts,  the  chain  theory  [2]  has  received  the  widest  acceptance.  According  to  the  theory,  the  SO^ 
ions  of  monothionic  acid  HSO3,  which  at  the  same  time  could  be  regarded  as  being  the  radical  of  the  sulfuric  acid 
molecule,  function  as  the  active  centers  of  the  generated  chains. 

Recently  Abel  [1,  3]  proposed  a  new  theory  for  the  oxidation  of  sulfites,  offering  a  different  mechanism  for 
the  intermediate  reactions.  According  to  Abel’s  theory,  molecular  oxygen  first  reacts  with  the  dissociation  prod¬ 
ucts  of  water,  leading  to  the  formation  of  02’  and  OH  radicals,  which  then  participate  in  the  formation  of  the  HSOs 
radical,  and  then  the  SC^"  ion. 

The  kinetic  equations  that  Abel  derived  on  the  basis  of  this  theory  show  that  the  oxidation  rate  of  sulfite- 
bisulfite  solutions  is  directly  proportional  to  the  concentration  of  the  HSO^  ion  and  inversely  proportional  to  the 
square  root  of  the  H'^-ion  concentration.  This  general  conclusion  is  found  to  be  in  agreement  with  the  experi¬ 
mental  results  obtained  by  some  investigators  when  they  oxidized  pure  sulfite  solutions  under  laboratory  conditions, 
and,  in  particular,  it  is  in  agreement  with  our  data  on  the  oxidation  rate  of  pure  ammonium  sulfite -bisulfite  [4]. 

However,  the  existing  theories,  including  the  Abel  theory,  cannot  give  a  satisfactory  explanation  for  the 
sharp  fluctuations  that  are  observed  in  the  degree  of  oxidation  when  going  to  industrial  conditions,  where  concen¬ 
trated  ammonium  sulfite -bisulfite  solutions,  contaminated  with  different  impurities,  are  used.  Thus,  for  example, 
it  was  observed  that  the  presence  of  thiosulfate  as  impurity  in  the  ammonium  sulfite -bisulfite  solution  is  capable 
of  causing  a  substantial  increase  in  the  oxidation  rate  of  the  solution,  at  times  the  increase  being  several  times  the 
rate  observed  in  the  absence  of  the  thiosulfate  [4],  In  this  case  the  usual  oxidation  of  the  sulfite -bisulfite  by  the 
above -given  Abel  scheme  is  supplemented  by  a  much  more  powerful  oxidation,  proceeding  by  some  other  scheme 
in  which  the  thiosulfate  ion  functions  as  a  catalyst.  Since  thiosulfate  is  an  unavoidable  impurity  in  commercial 
sulfite -bisulfite  solutions,  it  is  very  important  to  give,  proceeding  from  existing  theoretical  concepts,  a  correct 
interpretation  of  the  reasons  for  its  exerting  such  an  influence  on  the  oxidation  process. 

•A  more  complete  summary  of  the  work  done  up  to  1951  is  to  be  found  in  [1]. 


As  is  known,  the  presence  of  thiosulfate  as  impurity  in  sulfite -bisulfite  solutions  is  mainly  due  to  the 
spontaneous  decomposition  of  the  thermodynamically  unstable  bisulfite.*  According  to  Foerster  [5],  the  initial 
stage  of  the  spontaneous  decomposition  of  bisulfite  proceeds  according  to  the  following  scheme: 


4HSO; 


)|-  +  S02-  +  2H2O; 


the  trithionate  formed  here  immediately  suffers  hydrolysis  and  converts  to  thiosulfate  and  sulfate 

SgOc'  +  H^O  ^  S2OI-  +  SO^-  +  2H+. 


(2) 


(3) 


The  same  as  is  true  for  other  thiono  compounds,  the  chemical  structure  of  the  thiosulfate  and  trithionate 
molecules  is  easily  established  if  we  resort  to  the  polythionate  theory  of  D.  I.  Mendeleev,  which  has  found  con¬ 
firmation  in  a  number  of  recent  studies  [6].  According  to  this  theory,  thionic  acids  represent  sulfonic  acids  that 
ire  formed  by  replacing  the  H  atoms  in  hydrogen  sulfide  or  polysulfide  by  the  sulfo  group,  i.e.,  by  the  HSO3 
•adical.  Thus,  the  structure  of  thiosulfate  or  thiosulfuric  acid  should  correspond  to  the  formula  H-S*  (HSO3), 

:ri thionic  acid  to  (HS03)S(HS03),  and  tetra thionic  acid  to  (HSC)3)S2(HS03), 

In  this  connection  it  could  be  expected  that  the  HSO3  radical,  formed  in  the  sulfite -bisulfite  solution,  will 
react  with  the  thiosulfate  present  in  the  solution  and  will  convert  it  to  trithionate  in  accordance  with  the  following 
typical  scheme: 


HSO3+  OH+  H-S-HS03 
Thiosulfate 


S(HS03)2  +  H2O. 
Trithionate 


(4) 


Because  of  hydrolysis,  the  trithionate  will  be  continuously  transformed  according  to  reaction  (3)  into  start¬ 
ing  thiosulfate  and  sulfate.  Then  the  thiosulfate  can  react  anew  with  the  HSO3  radical,  etc. 

In  the  presence  of  thiosulfate,  the  main  reactions  of  the  oxidation  process  can  be  represented  as  follows 
(similar  equations  can  also  be  written  for  the  oxidation  of  bisulfite): 


and 


SO®-  +  0-  -f  S^Oj-  -1-  3H+  _>  S3O5-  +  OH  +  H^O 


SO^-  +  2011  +  -f  2II+  s  .o^-  2U2O 


(5) 


(6) 


After  the  formed  trithionate  has  undergone  hydrolysis  according  to  equation  (3)  the  liberated  thiosulfate  will 
again  take  part  in  reactions  (5)  and  (6),  etc.  The  frequency  with  which  these  cycles  are  repeated  will  determine 
that  acceleration  in  the  over -all  process  of  oxidizing  sulfite -bisulfite  that  is  due  to  the  presence  of  thiosulfate  in 
the  solution. 

The  catalytic  action  exerted  by  thiosulfate  is  linked  with  its  participation  in  the  continuous  thiosulfate -tri¬ 
thionate  conversion,  facilitating  the  more  rapid  oxidation  of  the  sulfite -bisulfite  solution. 

The  theoretical  possibility  of  reactions  (5)  and  (6)  going  can  be  confirmed  by  thermodynamic  calculation. 
Thus,  assuming  from  the  data  given  in  [7]  that  the  free  energies  of  formation  of  the  ions  and  radicals  taking  part 
in  these  reactions  are  equal  to  (in  kcal):  SO3  =  -116.1.0£  =  +  13,  S2O3  =  -124,  H'*’  =  0,  =  -229,  OH  =  +  8.53, 

H2O  =  -56.69,  HS03‘  =  -126,  it  becomes  possible  to  calculate  that  the  total  change  in  the  free  energy  AF°  accord¬ 
ing  to  equation  (5)  is  -50.1  kcal,  and  according  to  equation  (6)  it  is  -119.3  kcal.  If  it  is  bisulfite  ion  that  takes 
part  in  reactions  (5)  and  (6),  and  not  sulfite  ion,  then  AF"  is, respectively,  -40.2  kcal  and  -109.3  kcal.  The  high 
negative  values  for  the  change  in  the  free  energy  serve  as  evidence  that  it  is  theoretically  possible  for  these  reac¬ 
tions  to  go  in  the  indicated  directions. 


•At  times  it  is  possible  for  thiosulfate  to  be  formed  as  the  result  of  impurities  of  a  reducing  nature,  for  example 
H2S,  being  absorbed  from  the  gas.  The  reaction  can  be  depicted  by  the  following  typical  scheme: 


HSO-  -f  ll.^S  1.5  SoO“--f  1.5 


(1) 
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Fig.  1.  Oxidation  rate  of  ammonium  sulfite -bi¬ 
sulfite  in  cyclic  process  for  extraction  of  SO^  from 
gases  with  a  variable  content  of  thionates  in  the 
solution.  A)  Rate  of  ammonium  sulfate  formation 
(in  mole/ hr);  B)  amount  of  S2C^"+  SsO^’  (in 
mole/  liter). 


The  validity  of  the  explanation  given  above  for 
the  course  of  the  oxidation  process  in  the  presence  of 
thiosulfate  can  also  be  confirmed  by  existing  experi¬ 
mental  data. 

In  Fig.  1  we  give  some  data  on  the  effect  exerted 
by  the  total  content  of  thiosulfate  and  trithionate  in  the 
operating  solution  on  the  oxidation  rate  of  the  latter, 
which  data  were  obtained  in  a  study  of  the  cyclic  am- 
moniacal  extraction  of  SOj  from  gases  in  an  experi¬ 
mental  unit  [8].  The  absorbent  was  an  ammonium 
sulfite -bisulfite  solution  with  a  total  concentration  of 
5—7  moles/ liter. 

As  can  be  seen  from  Fig.  1,  the  rate  with  which 
the  solution  oxidizes  begins  to  increase  even  in  the 
presence  of  trace  amounts  of  thionates.  The  character 
of  the  obtained  curve  indicates  that  it  is  possible  to 
obtain  an  even  sharper  rise  in  the  oxidation  rate  by  in¬ 
creasing  the  concentration  of  thionates  in  the  solution 
further. 

In  our  previous  paper  [4]  we  gave  a  graph  (Fig.  2), 
showing  both  the  oxidation  rate  and  the  change  in  the 
composition  of  pure  ammonium  sulfite -bisulfite  solu¬ 
tion  when  exposed  to  the  air. 

In  the  present  paper  we  have  plotted  in  Fig.  2 
the  oxidation  rate  of  the  same  solution,  except  that 
0.25  mole/ liter  of  thiosulfate  had  been  added  to  it 
in  advance.  The  addition  cf  the  thiosulfate  caused  a 
very  sharp  increase  in  the  oxidation  rate,  exceeding  by 
a  matter  of  3—4  times  the  oxidation  rate  in  the  cor¬ 
responding  periods  for  the  solution  without  the  addition 
of  thiosulfate. 


Fig,  2.  Oxidation  rate  and  change  in  composition  of 
ammonium  sulfite -bisulfite  solution  when  exposed  to 
air  in  the  presence  of  0.25  mole/  liter  of  thiosulfate. 
NHstQtai  =  7.32  moles/liter,  S/Cjnitial  “  0.81,  tem¬ 
perature  20  -22®.  A)  Amount  (in  mole/ liter)  of 
(1)  and  of  (NH4)2S308  (2);  B)  S/C  ratio; 

C)  amount  (in  mole/ liter)  of  ammonia  as  ammonium 
sulfate  (3)  and  as  ammonium  bisulfate  (4);  D)  time 
(in  hr).  Rate  of  oxygen  absorption  (in  g/sq  m/hr) 
in  different  periods;  I)  3.19,  II)  5.51,  III)  4.53,  IV)  2.30, 
V)  1.74,  VI)  0.89,  Vli)  0.11. 

dynamically  unstable  bisulfite  proceeded  much  more  ra{ 


Together  with  this,  the  data  plotted  in  Fig.  2  show 
that,  as  has  been  discussed  above,  there  is  actually  inter¬ 
conversion  between  thiosulfate  and  trithionate.  Evidence 
of  this  is  the  decrease  in  the  thiosulfate  concentration 
with  a  simultaneous  increase  in  the  trithionate  concen¬ 
tration  that  is  observed  at  the  start.  The  presence  of 
interconversion  between  thiosulfate  and  trithionate  is 
shown  even  more  clearly  in  Fig.  4  of  [4],  where  we  have 
plotted  the  oxidation  rate  of  a  solution  differing  from 
the  above  only  in  that  it  has  a  higher  ratio. 

In  view  of  the  fact  that  the  S/C  ratio  soon  exceeded 
one,*  the  spontaneous  decomposition  of  the  thermo- 
ily  here  than  in  previous  cases,  which  points  to  the  sub¬ 


stantial  increase  in  the  total  concentration  of  thionates  in  the  solution. 


Also  of  interest  are  the  data  obtained  by  us  using  technical  p-phenylenediamine  as  an  inhibitor  to  retard 
the  oxidation  of  pure  ammonium  sulfite -bisulfite  solutions,  which  matter  has  been  discussed  in  a  previous  paper 
[9].  In  Fig.  2  of  this  paper  [9]  we  have  shown  the  effect  of  adding  different  amounts  of  inhibitor  on  the  oxidation 


♦As  evidenced  by  the  appearance  of  free  sulfuric  acid  above  the  bisulfite  and  a  corresponding  decrease  in  the  pH 
of  the  solution.  For  a  characterizationof  the  S/C  ratios  see  [4], 
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of  a  solution  in  which  the  concentration  of  thionates  is  equal  to  zero.  In  Fig.  4  of  [9]  we  have  shown  the  effect 
of  adding  inhibitor  on  the  oxidation  of  a  solution  differing  from  the  preceding  only  in  that  0.25  mole/ liter  of 
thiosulfate  was  added  to  it.  The  retarding  effect  of  the  inhibitor  proved  to  be  very  great  in  both  cases,  despite 
the  fact  that  the  oxidation  rate  of  the  original  solution  increased  here  by  a  matter  of  approximately  3  times. 

As  a  result,  the  effect  of  the  inhibitor  is  not  limited  only  to  retarding  the  direct  oxidation  of  the  sulfite- 
bisulfite  by  molecular  oxygen,  but  it  also  paralyzes  the  catalytic  activity  of  the  thiosulfate  that  is  unavoidably 
present  in  commercial  sulfite -bisulfite  solutions.  This  fact  undoubtedly  possesses  great  practical  importance  for 
many  processes  where  oxidation  of  sulfite -bisulfite  is  undesirable.  Together  with  this,  it  serves  as  indirect  proof 
of  the  validity  of  our  explanation  for  the  catalytic  role  played  by  thiosulfate  in  the  general  mechanism  for  the 
oxidation  of  sulfite -bisulfite  solutions. 


SUMMA  RY 

The  existing  theory  for  the  oxidation  of  pure  dilute  sulfite-bisulfite  solutions  is  inadequate  for  explaining 
the  sharp  increase  in  the  oxidation  rate  observed  for  concentrated  commercial  sulfite -bisulfite  solutions,  unavoid¬ 
ably  containing  thiosulfate  as  impurity.  We  have  given  an  explanation  for  the  catalytic  role  played  by  thiosulfate 
in  the  general  mechanism  for  the  oxidation  of  sulfite -bisulfite  solutions,  which  explanation  is  supported  by  the 
experimental  results  obtained  for  the  case  of  the  oxidation  of  ammonium  sulfite -bisulfite. 
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RULES  FOR  THE  FORMATION  OF  SULFIDES  AND  OXIDES 
OF  METALS  IN  THE  THERMOCHEMICAL  DECOMPOSITION 
OF  THE  SULFATES  OF  MANGANESE  AND  IRON 

V.  V.  Pechkovskii 

A.  M.  Gor’ki  State  University,  Perm 


The  thermochemical  decomposition  of  sulfates  finds  extensive  use  in  nonferrous  metallurgy  and  in  various 
chemical  industries  [1-4].  The  thermochemical  transformation  of  sulfates  under  reducing  conditions  permits  ob¬ 
taining,  both  as  intermediate  and  as  end  reaction  products,  the  corresponding  oxides,  sulfides,  sulfites,  carbonates 
and  thiosulfates,  while  various  sulfur -containing  compounds  may  be  obtained  as  the  gaseous  products.  The  reduc¬ 
tive  roasting  of  sulfates  is  a  very  complex  process,  and  consequently  the  composition  of  the  reaction  products  de¬ 
pends  on  a  large  number  of  factors. 

In  this  paper  our  purpose  was  to  determine  the  principal  factors  affecting  the  formation  of  metal  sulfides 
and  oxides  when  sulfates  are  reduced  with  carbon.  For  this  we  studied  both  the  qualitative  and  the  quantitative 
compositions  of  the  thermochemical  decomposition  products  of  sulfates  as  a  function  of  the  temperature,  the 
amount  of  carbon  in  the  mixture,  the  addition  of  certain  metal  oxides,  the  composition  of  the  gas  phase,  and 
the  physicochemical  properties  of  the  substances  taking  part  in  the  reaction. 

As  the  principal  subjects  of  study  we  selected  the  sulfates  of  iron  and  manganese.  In  addition,  we  inves¬ 
tigated  the  reduction  of  the  sulfates  of  zinc,  magnesium  and  calcium  with  carbon. 

EX  PERIMENTA  L 

The  carefully  dehydrated  sulfates,  as  well  as  their  mixtures  with  carbon  and  different  additives,  were  roasted 
in  a  laboratory  tube  furnace  in  a  stream  of  dry,  pure  argon,  and  in  some  cases,  discussed  separately  in  the  text,  in 
a  stream  of  argon  containing  7.5<7o  SO2.  The  gaseous  sulfur -containing  products  obtained  from  the  roasting,  and 
also  the  sulfate  sulfur,  were  analyzed  using  previously  described  methods  [4,  5].  The  qualitative  and  quantitative 
compositions  of  the  products  from  the  roasting  were  determined  by  x-ray  and  chemical  analysis  techniques.  It 
was  found  that  the  products  obtained  from  the  reductive  roasting  of  the  sulfates  of  magnesium,  zinc,  manganese 
and  calcium  contain  various  amounts  of  the  corresponding  sulfides.  The  products  from  the  reductive  roasting  of 
ferrous  sulfate  were  found  to  contain,  along  with  a  certain  amount  of  iron  sulfide,  substances  of  the  pyrrhotite 
type.  The  sulfur  of  the  sulfates  soluble  in  hydrochloric  acid  was  determined  by  the  Foerster  and  Kubel  method 
[6],  while  the  sulfur  of  the  pyrrhotites  was  determined  by  the  Eschk^f  method.  The  FeS04,  MnS04,  MgS04,  CaS04, 
and  ZnS04  used  in  our  experiments  were  of  pharmacopoeia  grade,  and  we  also  used  the  dry,  pure  oxides  of  man¬ 
ganese,  zinc,  aluminum,  magnesium  and  calcium.  We  took  birch  charcoal  (Kk^o  volatiles)  as  the  carbon-contain¬ 
ing  material.  The  oxygen  content  in  the  argon  did  not  exceed  0.03%.  The  toasting  products  were  quenched  under 
conditions  that  avoided  oxidation  of  the  sulfides  during  cooling.  The  weight  of  the  samples  taken  for  operation 
ranged  from  1.0  to  l-.S  g.  The  carbon  content  in  the  starting  mixture  was  varied  from  0.0  to  32. .S%.  The  time 
of  experiment  was  equal  to  l.'i  min  in  all  cases. 

The  principal  results  of  the  experiments  are  given  in  Tables  1-6. 


•  Transliteration  from  the  Russian. 
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TABLE  1 

Degree  of  Thermochemical  Conversion  of  Ferrous  Sulfate  as  a  Function  of  the 
Temperature  and  Amount  of  Carbon  in  the  Mixture 


Amount  of 
carbon  in  mix¬ 
ture  (in  ®/r) 

Dqgree  of  FeSQ*  conversion  (in  <^f) 

*b0® 

.soo® 

550® 

GOO®  j 

650’ 

700° 

750' 

0.0 

0.0 

0.8 

4.7 

1 

25.4  1 

66.6 

92.7 

99.6 

5.0 

0.9 

7.2 

49.6 

84.3 

95.9 

98.2 

99.8 

10.0 

2.3 

15.1 

70.0 

93.7  1 

98.8 

99.1 

99.4 

20.0 

/i.f) 

21.9 

7.5.1 

96.6 

1 

!»9.3 

99.4 

1 

99.7 

TABLE  2 

Thermochemical  Decomposition  of  Ferrous  Sulfate.  Degree  of  Conversion  of 
Sulfate  Sulfur  as  a  Function  of  the  Temperature  and  Amount  of  Carbon  in  the 
Mixture 


Amount  of 
carbon  in  mix¬ 
ture  (in 

Degree  of  conversion  of  sulfate  sulfur  (in  ^ 

750°  1 

800® 

!  850°  1 

900° 

sul- 
1  fide 

1  pyr- 

rhotite 

sul¬ 

fide 

pyrrhotite 

sulfide 

jpyrrhotite 

sulfide 

10.0 

0.8 

3.5 

2.1 

4.8 

6.7 

7.2 

11.4 

20.0 

1.3 

6.7 

8.4 

5.6 

10.3 

15.1 

23.1 

;{0.0 

3.4 

10.6 

12.1 

24.3 

21.2 

The  thermal  decomposition  of  ferrous  sulfate  in  the  absence  of  reducing  agent  can  be  observed  at  500 -.550*. 
In  the  temperature  range  up  to  675*  the  process  takes  place  In  the  kinetic  region,  and  at  temperatures  above  725" 
the  process  takes  place  in  the  diffusion  region  (Table  1).  At  temperatures  exceeding  750"  the  decomposition  of 
FeS04  proceeds  very  rapidly  and  to  completion.  The  end  solid  product  of  roasting  under  these  conditions  is  chief¬ 
ly  FejOs-  The  gas  phase  is  composed  of  a  mixture  of  SOj  and  SO3.  The  absolute  amount  of  sulfur  trioxide  in  the 
gas  phase  reaches  a  maximum  at  700-750",  after  which  it  decreases. 

The  thermal  decomposition  of  manganese  sulfate  had  been  investigated  by  us  earlier  [5].  It  proved  that 
the  decomposition  of  MnS04  can  be  observed  at  750",  i.e.,  some  200"  above  the  corresponding  temperature  for 
the  decomposition  of  FeS04.  In  addition  it  was  established,  maintaining  the  other  conditions  constant,  that  the 
investigated  sulfates  can  be  arranged  in  the  following  order  of  decreasing  degree  of  thermal  decomposition: 

FeSO*  >  ZnS04  >  MnS04  >  MgS04  >  CaS04.  ^ ^ 

Further,  we  have  given  in  Tables  1,  2,  4  and  6  the  results  of  studying  the  degree  of  decomposition  and  the 
composition  of  the  products  obtained  when  the  above-indicated  sulfates  are  roasted  in  the  presence  of  carbon. 

It  proved  that  the  end  solid  products  from  the  reduction  of  the  sulfates  of  iron,  zinc,  manganese,  magnesium 
and  calcium  with  carbon  are  the  corresponding  oxides  and  sulfides.  The  relative  amounts  of  these  substances  in 
the  roasting  products  can  vary  within  wide  limits,  depending  on  the  physicochemical  properties  of  the  components 
taking  part  in  the  reaction,  and  also  on  the  conditions  employed. 

For  a  more  detailed  discussion  of  the  factors  determining  the  composition  of  the  end  reduction  products  of 
sulfates  we  will  turn  to  the  results  given  in  Tables  1,  2  and  4. 
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TABLE  3 

Thermochemical  Decomposition  of  Ferrous  Sulfate.  Degree  of  Conversion  of 
Sulfate  Sulfur  to  Sulfide  Sulfur  as  a  Function  of  the  Temperature  and  Amount 
of  Additive 


Degree  of  conversion  of  sulfate  sulfur  to  the  sulfide  (o/r) 


Oxide  added 

700°  1 

750°  1 

800°  1 

1  850° 

amount  of  carbon  in  mixture  (in  %) 

10 

20 

10 

20 

10 

20 

10 

20 

ZnO . 

1.2 

1.8 

2.5 

2.7 

3.0 

4.3 

11.6 

M11JO3 . 

3.9 

(i.l 

8.2 

1.5./. 

19.3 

29.7 

21.0 

37.8 

TABLE  4 

Degree  of  Thermochemical  Conversion  of  Manganese  Sulfate  as  a  Function  of 
the  Temperature  and  Amount  of  Carbon  in  the  Mixture.  1)  Total  degree  of 
MnS04  conversion  (in  %);  2)  degree  of  conversion  of  sulfate  sulfur  to  sulfide 
sulfur  (in  %) 


Amount  of 

carbon  in 

mixture 
(in  %) 

Degree 

of  MnS04  conversion 

(in  %) 

650°  1 

700“  1 

750°  1 

800°  1 

850° 

1 

2 

1 

‘i 

1 

2 

1 

1  1 

2 

1 

2 

13.8 

8.2 

0.0 

3.3.7 

0.0 

79.t 

0.4 

93.2 

5.8 

97.7 

16.5 

19.3 

17.8 

0.0 

65.6 

1.0 

91.1 

.5.3 

96.1 

12.5 

98.6 

22.6 

32.5 

20./i 

j 

0.8 

72.2 

3.2 

94.6 

i 

1.5.4 

97.9 

29.7 

99.0 

40.8 

The  data  in  Tables  1  and  4  permit  concluding  that  the  addition  of  carbon  to  the  batch  greatly  intensifies 
the  thermochemical  decomposition  of  the  sulfates  of  iron  and  manganese.  The  thermochemical  decomposition 
of  these  sulfates  in  the  presence  of  carbon  can  be  observed  at  450®  (FeS04)  and  at  650®  (MnS04).  In  other  words, 
the  addition  of  carbon  lowers  the  temperature  of  noticeable  decomposition  of  the  indicated  sulfates  by  approx¬ 
imately  100®.  Increasing  the  amount  of  added  carbon  increases  the  degree  of  thermochemical  decomposition 
suffered  by  the  sulfates  of  iron  and  manganese.  This  circumstance  is  especially  obvious  at  temperatures  where 
the  process  takes  place  in  both  the  kinetic  and  transition  regions.  For  the  case  of  reducing  FeS04  with  carbon 
the  transition  region  is  limited  to  temperatures  up  to  625®,  while  for  the  case  of  MnS04  reduction  this  region  goes 
up  to  temperatures  of  750  -  775®  (Tables  1  and  4).  In  the  diffusion  region  a  substantial  increase  in  the  amount  of 
added  carbon  above  5  -  10%  is  practically  without  effect  on  the  degree  of  thermochemical  decomposition  suffered 
by  the  sulfates  of  iron  and  manganese. 

It  was  established  that  the  amount  of  carbon  in  the  starting  mixture  affects  both  the  decomposition  rate  and 
the  composition  of  the  products  obtained  in  the  reductive  roasting. 

When  the  amount  of  carbon  in  the  starting  mixture  does  not  exceed  5-10%  the  principal  solid  products  of 
the  thermochemical  decomposition  of  the  sulfates  of  iron  and  manganese  are  the  corresponding  oxides.  Here  the 
sulfur  in  the  gaseous  roasting  products  is  found  mainly  as  SO*.  On  increasing  the  amount  of  carbon  in  the  starting 
mixture  above  10-15%  it  is  possible  for  the  end  reduction  products  of  FeS04  and  MnS04  to  also  contain  the  cor¬ 
responding  sulfides.  In  an  adequate  reducing  atmosphere  the  formation  of  pyrrhotites,  and  also  of  iron  and  man¬ 
ganese  sulfides,  proceeds  at  a  noticeable  rate  at  temperatures  above  750®  (Tables  2  and  4). 
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TABLE  5 

Thermochemical  Decomposition  of  Manganese  Sulfate,  Degree  of  Conversion 
of  Sulfate  Sulfur  to  Sulfide  Sulfur  as  a  Function  of  the  Temperature  and  Amount 
of  Additive  (Amount  of  carbon  in  mixture  =  24.2%) 


Decree  of  conversion  of  sulfate  sulfur  to  the 
sulfide  (in  %) 

700” 

750® 

800° 

850° 

900° 

Without  additive.  •  .  . 

1 

1.8 

10.3 

21.5 

31.6 

35.5 

Without  additive-*  •  •  • 

2.0 

31.1 

59.1 

82.0 

87.5 

Additive; 

CaO . 

8.9 

27.0 

37.5 

60.1 

71.7 

M 11203 . 

26.7 

57.4 

64.1 

70.8 

72.3 

•In  a  stream  of  argon  containing  7.5%  SO2. 

TABLE  6 

Thermochemical  Decomposition  of  Magnesium,  Iron,  Manganese.  Zinc  and 
Calcium  Sulfates.  Degree  of  Conversion  of  Sulfate  Sulfur  to  the  Sulfide  as  a 
Function  of  the  Temperature  (Amount  of  carbon  in  mixture  =  28  0%) 


Sulfate 

Degree  of  conversion  of  sulfate  sulfur  to  the  sultide  (in  %) 

700° 

750° 

800° 

850° 

900° 

950° 

MgSO^ . 

0.1 

0.1 

0.2 

0.1 

0.3 

0.3 

FeS04  . 

0.4 

2.5 

10.8 

19.3 

25.6 

_ 

MnS04 . 

2.2 

12.1 

26.7 

37.5 

39.0 

48.8 

/nS04 . 

10.4 

22.3 

.34.4 

43.3 

.50.1 

.53.3 

CaS04  . 

0.0 

1.1 

3.6 

15.2 

.50.0 

87.7 

Consequently,  it  may  be  assumed  that  the  composition  of  the  solid  products  of  the  reduction  of  ferrous  sulfate, 
and  especially  of  manganese  sulfate,  can  be  varied  within  quite  wide  limits,  depending  on  the  reaction  conditions 
employed. 

The  temperature  should  not  exceed  700-7.50“,  and  the  amount  of  carbon  in  the  batch  should  be  minimum  if 
it  is  desired  to  obtain  the  oxides  of  the  metals  as  the  chief  products  of  reductive  roasting  Conversely,  to  obtain 
large  amounts  of  sulfide  sulfur  in  the  roasting  products  it  is  necessary  to  run  the  process  at  a  higher  temperature  and 
with  a  larger  amount  of  carbon  in  the  starting  batch. 

It  must  be  assumed  that  the  degree  of  conversion  to  sulfide  will  depend  on  the  physicochemical  properties 
of  the  components  taking  part  in  the  reaction,  and  also  on  the  amount  of  sulfur  dioxide  in  the  gas  phase.  The  latter 
is  illustrated  by  the  data  given  in  Table  .5,  from  which  it  follows  that  increasing  the  amount  of  502  in  the  gas  phase 
during  the  reduction  of  MnS04  leads  to  a  substantial  increase  in  the  amount  of  manganese  sulfide  in  the  products 
from  the  roasting. 

Tlie  results  given  in  Table  6  permit  arriving  at  a  conclusion  as  to  the  effect  exerted  by  the  physicochemical 
prop)erties  of  both  the  sulfates  being  reduced  and  the  substances  formed  from  them  on  the  amount  of  sulfides  in  the 
roasting  products. 
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It  can  be  seen  that  comparatively  small  amounts  of  sulfides  are  formed  when  the  sulfates  of  magnesium  and 
iron  are  reduced  under  the  same  conditions.  Conversely,  the  reduction  of  the  sulfates  of  zinc,  calcium  and  man¬ 
ganese  under  certain  conditions  can  lead  to  the  formation  of  quite  substantial  amounts  of  sulfides  (Table  6). 

The  data  presented  above  indicate  that  a  direct  relationship  fails  to  exist  between  the  equilibrium  dissocia¬ 
tion  pressure,  or  the  decomposition  rate  of  the  sulfate  and  the  extent  to  which  sulfide  is  formed  in  the  reductive 
roasting  process.  As  a  matter  of  fact,  reduction  of  the  more  heat  stable  MgS04  yields  a  much  smaller  amount  of 
sulfide  than  does  the  reduction  of  the  less  heat  stable  ZnS04.  while  the  reverse  situation  is  observed  for  the  sulfates 
of  calcium  and  iron.  The  thermally  more  stable  CaS04  is  reduced  mainly  to  the  sulfide,  while  the  thermally  less 
stable  FeS04  is  reduced  mainly  to  the  corresponding  metal  oxides  (Table  6). 

Consequently,  the  conclusion  arises  that  the  amount  of  sulfides  formed  in  the  reduction  of  sulfates  is  much 
more  dependent  on  the  extent  to  which  the  corresponding  metal  oxides  are  converted  to  sulfides  by  the  sulfur -con¬ 
taining  compounds  present  in  the  roasting  products. 

As  had  been  shown  earlier  [5],  the  ease  with  which  certain  metal  oxides  are  converted  under  reducing  con¬ 
ditions  to  the  corresponding  sulfides  by  the  gaseous  sulfur-containing  products  can  be  depicted  in  the  following 
order  of  increasing  degree  of  conversion: 

AI2O3  <  MgO  <  FeO  <  ZnO  ^  MnO. 


An  examination  of  this  series  clearly  reveals  why.  based  on  the  increasing  ease  with  which  the  sulfides  are 
formed  in  the  reductive  roasting  process,  it  is  possible  to  arrange  all  of  the  studied  sulfates  in  the  following  se¬ 
quence: 

MgS04  <  FeS04  <  ZnS04  ^  MnS04. 


Reduction  of  the  sulfates  found  on  the  left  side  of  this  series  yields  mainly  metal  oxides;  depending  on  the 
reaction  conditions  employed,  reduction  of  the  sulfates  found  on  the  right  side  of  the  series  can  lead  to  the  forma- 
of  either  oxides  or  sulfides,  or  of  both  simultaneously. 

The  results  obtained  in  studying  the  influence  of  additives  also  indicates  that  the  sulfidation  process  plays  an 
important  role  in  the  reductive  roasting  of  sulfates  (Tables  3  and  5). 

It  was  proved  that  when  various  metal  oxides  were  added  to  mixtures  composed  of  sulfate  and  carbon,  the  former 
in  a  number  of  cases  were  converted  to  sulfide  by  the  sulfur -containing  products  formed  In  the  reduction  of  the 
sulfate.  It  was  established  that  the  sulfates  of  iron  and  manganese  practically  do  not  sulfidize  the  oxides  of  alumi¬ 
num  and  magnesium,  but  at  the  same  time,  under  certain  conditions,  they  do  sulfidize  to  a  substantial  degree  the 
oxides  of  zinc,  manganese  and  calcium  (Tables  3  and  5).  Thus  it  can  be  seen  that  the  sulfidation  of  these  oxides 
by  the  sulfates  of  iron  and  manganese  obeys  the  same  rules  as  were  found  for  the  sulfidation  of  metal  oxides  by 
sulfur  dioxide  in  a  reducing  atmosphere  [ft].  These  data  make  it  possible  to  Judge  the  behavior  of  various  impu¬ 
rities  in  the  reduction  of  sulfates. 


SUMMA  RY 

The  obtained  experimental  material  made  it  possible  to  disclose  the  principal  factors  influencing  the  com¬ 
position  of  the  solid  products  obtained  in  the  reduction  of  sulfates  by  carbon. 

It  was  established  that  both  the  rate  and  completeness  with  which  sulfides  are  formed  when  sulfates  are  re¬ 
duced  in  the  presence  of  carbon  depend  on  the  temperature,  the  amount  of  reducing  agent  in  the  mixture,  the  ex¬ 
tent  to  which  the  formed  oxides  are  converted  to  sulfides  by  the  sulfur -containing  reduction  products,  and  the  con¬ 
centration  of  both  the  oxygen  and  the  sulfur  dioxide  in  the  gas  phase. 

Knowing  this  information,  it  becomes  possible,  by  intelligently  choosing  the  proper  process  conditions, to  vary 
not  only  the  rate  of  the  process,  but  also  the  composition  of  the  products  obtained  in  the  reductive  roasting  of  sul¬ 
fates. 
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AUTOMATIC  REGULATION  OF  PROCESS  FOR  PRECIPITATION 
OF  BASIC  NICKEL  CARBONATE  BASED  ON  THE  pH  OF  THE  MEDIUM 
IN  THE  SYSTEM  N i ( N Oj >2  -  N ajC O ,  -  H, O* 

I.  M.  Vasserman,  E.  A.  Fomina  and  Kh.  Z.  Brainina 


The  introduction  of  a  complex  automatic  regulation  of  several  parameters  in  chemical  production  in  order 
to  obtain  a  product  with  given  properties  requires  making  an  exhaustive  research  study.  Special  attention  should 
be  given  here  to  determining  if  it  is  possible  to  automatically  regulate  the  process  within  the  limits  permissible 
for  change  in  the  parameters  under  technological  conditions. 

Such  a  case  is  the  preparation  of  basic  nickel  carbonate,  which  serves  as  the  raw  material  for  the  produc¬ 
tion  of  nickelous  and  nickelic  oxide.  The  latter  compounds  find  extensive  use  in  the  manufacture  of  semicon¬ 
ductor  magnetic  materials  (ferrites),  radioceramic  articles  and  catalysts.  Basic  nickel  carbonate  is  obtained  by 
chemical  precipitation  when  a  soluble  nickel  salt  is  reacted  with  an  alkali  metal  carbonate,  for  example,  by 
precipitation  in  the  system  Ni(N03)2— Na2C03— H2O.  The  obtained  precipitate  should  not  retain  impurities  tena¬ 
ciously  and  should  permit  their  removal  by  washing  with  water,  it  should  filter  easily,  and  It  should  have  a  defi¬ 
nite  structure  and  certain  other  properties.  The  parameters  of  the  precipitation  process  are  the  pH  of  the  medium, 
temperature,  relative  supersaturation,  time  of  precipitation,  etc.  The  necessary  constancy  of  the  structure  and 
properties  of  the  precipitate  can  be  achieved  only  by  a  careful  observance  of  the  precipitation  conditions.  A 
simultaneous  regulation  of  several  parameters  of  the  process  manually  Is  extremely  difficult  and  does  not  achieve 
the  goal.  In  this  case  it  is  necessary  to  go  to  a  complex  automatic  regulation  of  the  process. 

If  an  automatic  regulation  of  the  temperature,  relative  supersaturation,  time  of  precipitation  and  other 
parameters  Is  possible  and  does  not  cause  special  difficulties,  still  an  automatic  regulation  of  the  precipitation 
process  based  on  the  pH  does  not  prove  to  be  possible  in  all  cases.  This  is  explained  by  a  coupling  of  the  pro¬ 
perties  inherent  to  the  pH  as  a  parameter  of  the  precipitation  process;  1)  the  presence  of  buffer  phenomena,  which 

can  be  expressed  by  the  index  q  =  ^P^L.  characterizing  the  resistance  shown  bv  the  medium  to  change  in  the  pH 

A  $ 

when  the  precipitant  is  added  or  when  the  medium  is  diluted  with  water;  2)  complication  of  the  precipitation  proc¬ 
ess  by  secondary  phenomena;  and  3)  a  nonlinear  (logarithmic)  relation  between  the  values  of  the  pH  and  the  con¬ 
centrations  of  H^  ions  in  the  solution,  as  a  result  of  which  a  proportionality  fails  to  exist  between  the  change  In 
the  pH  and  the  amount  of  precipitant  added  to  the  material  being  precipitated.  This  proportionality  is  possible 
when  small  changes  In  the  amount  of  added  precipitant  correspond  to  rapid  and  substantial  changes  in  the  pH  of 
the  solution  and  when  they  are  reproducible. 

For  this  reason,  in  determining  whether  it  Is  possible  to  regulate  the  precipitation  process  by  the  pH  It  Is 
necessary  to  make  a  careful  study  of  the  course  of  the  chemical  precipitation  reaction  and  its  dependence  on  the 
pH.  It  is  convenient  to  make  such  a  study  employing  the  potentiometic  titration  curve  of  the  precipitation  proc¬ 
ess  [1-3]. 


•  Communication  III  In  a  series  of  papers  on  the  technology  of  isolating  substances  from  solution  by  the  method 
of  chemical  precipitation. 
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Relation  between  Buffer  Index  and  pH 


Amount  of 

Amount  of 

Buffer  index 

pH  of  reac- 

precipitant 

precipitant 

ApH 

^9 

.  1000 

tlon  medi  - 

added  (ml) 

added  9 

A  ^ 

um 

(in  mequiv) 

6.75 

10 

4.8 

6.75 

12 

5.74 

0 

0.94 

0 

6.S1 

16 

7.59 

0.056 

1.84 

30.2 

6.85 

18 

8.5 

0.036 

0.91 

43.0 

6.93 

20 

9.35 

0.08 

0.85 

94.2 

7.03 

22 

10.4 

0.10 

1.05 

96.3 

7.132 

24 

11.18 

0.102 

0.78 

130.5 

7.26 

26 

12.02 

0.13 

0.84 

154.1 

7.49 

28 

12.99 

0.23 

0.97 

237.0 

7.86 

30 

13.8 

0.37 

0.81 

456.0 

8.5 

32 

14.6 

0.65 

0.8 

812.0 

9.03 

34 

15.50 

0.63 

0.90 

702.0 

9.5 

36 

16.37 

0.47 

0.87 

540.1 

10.1 

39.7 

17.98 

0.6 

1.61 

372.0 

10.5 

43 

19.43 

1 

0.4 

1.45 

276.0 

The  found  region  of  desirable  pH  values  is  in 
agreement  with  the  technological  conditions  used  to 
run  the  precipitation  process  [the  equivalent  point  of 
the  chemical  precipitation  reaction  is  reached  at  a  pH 
of  8.4  (Fig.  3)]. 

Consequently,  a  sufficiently  complete  precipita¬ 
tion  will  be  maintained  in  the  region  of  regulating  the 
process.  As  can  be  seen  from  Figs  S  and  6,  where  the 
relationship  between  the  properties  of  the  precipitate 
(filtration  coefficient,  final  volume  of  settled  precipitate) 
and  the  pH  is  shown,  the  precipitates  with  the  best  pro¬ 
perties  are  obtained  at  a  pH  above  8.2.  In  order  to  re¬ 
move  water-soluble  anions  (nitrates)  adsorbed  during 
the  precipitation  from  the  precipitate  of  basic  nickel 
carbonate  by  washing,  it  is  also  necessary  to  run  the 
precipitation  at  a  pH  above  8.4  [4].  From  this  it  follows 
that  the  pH  range  (8. 1-9. 6),  where  automatic  regulation 
of  the  system  Ni(N03)2— Na2C03— H2O  is  possible,  coin¬ 
cides  with  the  pH  values  demanded  by  the  technological 
conditions  of  running  the  precipitation  of  basic  nickel 
carbonate.  The  region  of  automatic  regulation  of  the 
process  based  on  the  pH  is  characterized  in  Fig.  3.  The 
equivalent  point  of  the  precipitation  reaction  on  the 
potentiometric  titration  curve  does  not  fix  the  position 
of  the  automatic  regulation  point.  The  selection  of  the 
latter  depends  mainly  on  the  value  of  the  pH  at  which 


Fig.  3.  Characterization  of  the  region  of  automatic 
regulation  of  the  process  based  on  the  value  of  the 
pH  in  the  system  Ni(N03)2— Na2C03— H2O.  A)  pH; 

B)  amount  of  sodium  carbonate  added  as  precipitant 
(in  mequiv).  1)  Point  at  which  system  is  regulated 
(pH  8.8);  2)  expected  curve  of  regulation  (pH  8  7-8.9); 

3)  expected  curve  for  changes  in  the  load  (14.9-lS.l 
mequiv  Na2C03  per  liter  of  solution);  4)  equivalent 
point  for  the  precipitation  reaction  (pH  8.4);  ft)  poten¬ 
tiometric  titration  curve  in  the  system  Ni(N03)2  — 

— Na2C03— H2O;  6)  complete  range  of  pH  values  in 
which  automatic  regulation  is  possible. 

a  precipitate  of  basic  nickel  carbonate  with  the  desired 
properties  and  composition  is  obtained,  and  it  also  depends  on  the  effective  value  of  the  buffer  index  o.  The 
position  of  the  point  of  regulation  on  the  curves  in  Fig.  3  and  4  at  pH  =  8.8,  with  a  buffer  index  of  710,  close  to 
its  maximum  value,  corresponds  to  these  conditions. 


Using  the  glass— saturated  silver  chloride  electrode  pair  as  the  measuring  device  (accuracy  ±0.1  pH),  we 
have  shown  in  Fig.  3  the  expected  curve  for  regulation  in  the  pH  range  8.7  -8.9  and  its  position  in  the  region  of 
possible  regulation  of  the  system.  Its  central  position  In  this  region  and  the  narrow  range  of  pH  value  occCipied  (0.2-1  ft) 
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A 


Fig.  4.  Relation  between  the  buffer  index 
and  the  pH  of  the  medium.  A)  Buffer  index 

O  =  ApH  ^  1000  ;  B)  pH;  C)  point  at  which 

Aa> 

system  is  regulated.  1)  Complete  range  of 
pH  values  in  which  automatic  regulation  Is 
possible. 


A 


Fig.  5.  Relation  between  the  filtration 
coefficient  of  the  precipitate  and  the  pH 
of  the  medium.  A)  Filtration  coefficient 
(A  •  10"*)  (in  cm/ sec);  B)  pH. 


A 


Fig.  6.  Relation  between  final  volume  of 
settled  precipitate  and  pH  of  the  medium. 
A)  Final  volume  of  settled  precipitate  (cc/g 
of  dry  precipitate);  B)  pH  of  the  medium. 


by  it  both  indicate  favorable  conditions  for  a  stable 
regulation.  The  expected  curve  of  changes  in  the  load 
in  the  range  14.9-15.1  mequiv  of  NajCOs  per  liter  of 
solution  corresponds  to  it.  The  asymmetry  of  the  point 
of  regulation  with  respect  to  the  position  of  the  equiva¬ 
lent  point  is  0.4  pH. 

DISCUSSION  OF  RESULTS 

Based  on  the  obtained  experimental  results  it  follows 
that  the  precipitation  of  basic  nickel  carbonate  and  the 
obtaining  of  a  precipitate  with  predetermined  properties 
can  be  automatically  regulated  by  maintaining  a  constant 
pH  The  obtained  results  also  indicate  that  precipitation 
in  the  system  Ni(N03)2  -Na2C03-H20  bears  an  anomalous 
character,  since  it  is  not  characterized  by  a  single  poten- 
tiometric  titration  curve,  as  is  usual,  but  by  a  set  of  curves. 
We  had  established  earlier  [4,  5]  that  the  obtained  preci¬ 
pitate  of  basic  nickel  carbonate  is  chemically  metastable 
due  to  the  precipitation  process  being  complicated  by  the 
progress  of  the  secondary  chemical  reactions;  neutraliza¬ 
tion  (reaction  of  the  basic  precipitate  with  the  acid  salt— 
NaHC03— present  in  the  mother  liquor)  and  hydrolysis 
(reaction  of  the  basic  precipitate  with  the  water  of  the 
mother  liquor).  The  rate  with  which  these  reactions 
progress  under  heterogeneous  conditions  depends  on  the 
technological  factors.  The  thermal  decomposition  of 
sodium  bicarbonate  is  a  secondary  reaction  that  occurs 
at  high  temperatures  (>70*).  The  progress  of  these  reac¬ 
tions  causes  a  continuous  change  in  the  pH  of  the  system: 
precipitate— solution.  As  a  result  of  this,  as  can  be  seen 
from  Figs.  1  and  2,  the  pH  of  the  system  can  be  different 
for  the  same  consumption  of  precipitant,  depending  on 
the  length  of  precipitation.  Here  the  precipitate  suffers 
"chemical  aging",  which  leads  to  a  change  in  both  its 
physical  properties  and  chemical  composition.  For  this 
reason,  in  solving  the  problem  of  automatic  regulation  of 
the  process,  in  order  to  obtain  a  precipitate  with  the 
desired  properties  and  composition  it  is  necessary  to  con¬ 
sider  and  study  both  the  secondary  reactions  and  the 
"chemical  aging"  of  the  precipitate  in  order  to  confine 
them  to  certain  limits,  assuring  an  adequate  constancy  of 
the  point  selected  for  regulation  of  the  system.  Together 
with  time,  other  parameters  also  exert  an  influence  on  the 
progress  of  the  secondary  reactions  and  the  "chemical 
aging"  of  the  precipitate.  Consequently,  automatic  regu¬ 
lation  of  the  system  Ni(N03)2— Na2C03— H2O,  based  on  a 
selected  constant  pH,  can  be  accomplished  only  with  a 
simultaneous  regulation  of  all  of  the  parameters  influencing 
the  secondary  chemical  reactions,  i.e.,  with  a  complex 
automatic  regulation  of  the  precipitation  process.  Such 
regulation  cannot  be  applied  to  a  periodic  precipitation 
process  since  its  physicochemical  parameters  change  from 
the  start  to  the  end  of  the  process.  However,  it  can  be  suc¬ 
cessfully  applied  to  continuous,  and  with  some  limitations, 
to  semicontinuous  precipitation  processes.  Proceeding  from 
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these  considerations,  we  developed  a  semicontinuous  method  for  the  precipitation  of  basic  nickel  carbonate  in 
which  aqueous  solutions  of  nickel  nitrate  and  sodium  carbonate  were  poured  in  a  predetermined  length  of  time 
into  either  water  or  mother  liquor  with  stirring  [61,  and  a  complex  automatic  regulation  of  the  process. 

The  results  obtained  in  studying  whether  it  is  possible  to  automatically  regulate  the  precipitation  of  basic 
nickel  carbonate  based  on  the  pH  are  typical  for  obtaining  the  basic  carbonates  of  other  metals. 

SUMMARY 

1.  The  course  of  the  process  for  the  precipitation  of  basic  nickel  carbonate  in  the  system  NifNOj)?— NajCO^ 
— HjO  is  anomalous  and  is  described  not  by  one  potentiometric  titration  curve,  as  is  customary,  but  by  a  set  of 
curves,  the  position  of  which  under  the  conditions  of  constant  solution  concentrations  and  temperature  depends 
mainly  on  the  length  of  precipitation.  The  indicated  set  of  curves  exists  because  of  the  progress  of  secondary 
chemical  reactions  in  the  system  NifNOs),— Na2COs— H2O,  caused  by  "chemical  aging"  of  the  precipitate,  with 

a  continuous  change  in  its  composition  and  in  the  pH  values  of  the  system:  precipitate— solution. 

2.  When  the  parameters  (temperature,  concentration  of  the  solutions,  time  of  precipitation)  exerting  an 
effect  on  the  secondary  reactions  have  certain  values,  the  potentiometric  titration  curve  is  well-defined. 

3.  The  precipitation  of  basic  nickel  carbonate  and  the  obtaining  of  a  precipitate  with  the  desired  properties 
can  be  automatically  regulated  in  the  pH  range  8.4-9. 6  by  employing  a  complex  regulation  of  the  parameters 
exerting  an  influence  on  the  secondary  reactions.  A  complex  automatic  regulation  of  the  precipitation  process 
can  be  employed  only  in  continuous  and  semicontinuous  methods. 

4.  The  equivalence  point  of  the  precipitation  reaction  on  the  potentiometric  titration  curve  does  not  fix  the 
position  of  the  point  of  automatic  regulation  based  on  the  pH.  Selection  of  the  point  of  regulation  depends  on  the 
pH  at  which  the  precipitate  of  basic  nickel  carbonate  is  obtained  with  the  desired  properties  and  composition,  and 
it  also  depends  on  the  value  of  the  buffer  index. 
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CONCENTRATION  BY  COPRECIPITATION  WITH  CALCIUM  CARBONATE 
AND  DETERMINATION  OF  A  NUMBER  OF  MICROELEMENTS 
IN  NATURAL  WATERS,  WATER  EXTRACTS  AND  WASTE  WATERS 

A.  D,  Miller  and  R.  I.  Llbina 

All-Union  Scientific  Research  Institute  of  Methods  and  Techniques  of  Exploration, 
Lensovet  Leningrad  Technological  Institute 


Determination  of  the  microelements  in  natural  waters  peculiar  to  a  given  region,  is  an  Important  problem 
in  geological  exploration.  A  procedure  for  the  analysis  of  natural  waters  for  microelements  serving  as  Indicators, 
under  field  conditions,  assumes  great  importance  for  the  further  development  of  this  new  method  of  exploration. 

A  method  for  preliminary  concentration  of  the  microelements  by  coprecipitation  with  a  collector  is  pro¬ 
posed  in  the  present  paper.  Both  the  simplicity  and  rapidity  of  the  operations  make  it  possible  to  take  the  samples 
and  run  the  concentrations  while  in  the  field.  Besides  determining  traces  of  metals  in  natural  waters,  the  method 
can  also  be  used  for  analyzing  the  waste  waters  from  industrial  plants,  both  in  the  vicinity  and  at  some  distance 
from  the  source  of  contamination.  The  last  circumstance  bears  special  importance  for  the  determination  of  trace 
amounts  of  radioactive  elements,  for  example  Sr®®. 

Selection  of  collector.  The  coprecipitation  of  microelements,  differing  in  their  physicochemical  proper¬ 
ties  (charge,  ionic  radius,  presence  in  natural  water  as  cation  or  as  anion),  excludes  the  possibility  of  selecting 
a  collector  that  results  in  isomorphous  coprecipitation.  The  collector  must  be  of  the  adsorption  type,  sorbirfg 
microamounts  of  those  cations  and  anions  that  obey  the  Paneth— Fajans  rule,  i.e.,  give  difficultly  soluble  com¬ 
pounds  with  the  ions  of  the  precipitate.  The  surface  of  the  precipitate  possesses  very  great  importance  in  this 
case,  especially  in  the  initial  stage  of  the  precipitation  [1,  2].  Any  precipitate  unavoidably  goes  through  a  stage 
of  colloidal  dispersion,  but  it  is  important  that  the  time  of  existing  in  the  disperse  state  be  sufficient  to  permit 
diffusion  of  the  ions  of  the  microelements  to  the  surface  of  the  precipitate.  At  the  same  time,  the  time  of  exist¬ 
ing  in  the  colloidally  dispersed  state  should  not  be  too  long,  since  this  retards  separation  of  the  precipitate. 

In  many  cases  the  use  of  sulfide  collectors  complicates  subsequent  chemical  analysis  involving  a  colori¬ 
metric  end-point.  It  is  inconvenient  to  use  hydroxides  because  of  the  great  bulk  of  the  precipitates  and  the  lack 
of  universality,  especially  when  referring  to  the  anions  of  the  microcomponents.  To  a  large  degree,  calcium 
carbonate  as  a  collector  lacks  the  indicated  disadvantages.  After  a  gradual  coagulation,  the  precipitate  assumes 
a  dense  form.  The  precipitate  is  readily  soluble  in  acids.  The  calcium  ion  does  not  interfere  with  running  a 
variety  of  color  reactions  between  the  microcomponents  and  organic  reagents. 

Another  important  advantage  of  the  indicated  collector  is  the  fact  that  certain  microcomponents  present 
in  natural  waters  as  anions  (MoO/',  VOj  ,  WO4**,  NbOs” ,  TaOj")  form  difficulty  soluble  compounds  with  the 
calcium  ion. 

Precipitation  Conditions  and  Completeness  of  Coprecipitation  of  Microelements 

The  coprecipitation  of  individual  microelements  with  calcium  carbonate  has  been  mentioned  earlier  by 
a  number  of  investigators  [3,  4],  However,  the  conditions  under  which  the  coprecipitations  were  mn  are  not 
described. 
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TABLE  1 


Coprecipitation  of  Microelements  with  CaCOs  from  One  Liter  of  Solution 


Element 

Investigated 
concentra¬ 
tion  range 
(in  y) 

Complete¬ 
ness  of  co- 
precipita- 
tion  (in 

Cu 

2-50 

95—100 

Zn 

5-60 

93-100 

Mn 

5-60 

95—100 

I'b 

5-50 

95—100 

3-50 

80—100 

Co 

5-50 

70—  80 

V 

10-50 

90—100 

W 

5-50 

90-100 

Mo 

5-50 

70—  80 

Nb 

4—30 

90—100* 

13o 

3—40 

95—100** 

Remarks 


The  coprecipitation  was  run  in 

the  presence  of  1-5  mg  Fe®^. 

In  the  absence  of  iron  the  com¬ 
pleteness  of  coprecipitation 
dropped  sharply.  Molybdenurn 
was  coprecipitated  in  two  portions 
with  a  double  amount  of  the 
’  collector. 

The  coprecipitation  was  run  in  the 
presence  of  5  mg  Al®'*'  or  .5  mg 
Fe^. 


•The  experiments  on  the  coprecipitation  of  niobium  with  CaCOs  In  the 
absence  of  coagulant  were  run  by  A.  D.  Miller  and  N.  A.  Tyutina. 

•  "The  experiments  on  the  coprecipitation  of  beryllium  were  run  by  A.  D. 

Miller  and  M.  S.  Koshkina. 

We  used  the  following  conditions  in  our  experiments;  the  volume  of  solution  taken  for  coprecipitation  was 
1  liter;  each  of  the  studied  microelements  was  taken  in  amounts  ranging  from  units  to  tens  of  y/ liter;  in  some 
of  the  experiments  we  added  0.5  g  of  the  chlorides  of  Ca,  Mg  and  Na  in  the  molar  ratio  2; 2:  1  to  the  solution; 
the  amount  of  collector  (CaC03)  was  chosen  experimentally. 

By  running  a  series  of  experiments  it  was  established  that  0.06  g  of  CaC03  per  liter  of  test  solution  is  suf¬ 
ficient  for  the  complete  coprecipitation  of  njicroamounts  of  lead  (5-50  y /liter).  The  minimum  amount  of 
collector  for  the  coprecipitation  of  microamounts  of  copper  proved  to  be  approximately  0.35  g.  After  this  work, 
the  amount  of  calcium  for  coprecipitation  was  taken  equal  to  10  mg-equiv,  which  corresponds  to  0.5  g  of  CaCQs. 
However,  due  to  some  solubility  of  the  carbonate  and  small  losses,  the  weight  of  the  precipitate  (when  allowed 
to  settle  for  1.5  hr)  was  0.40-0.44  g.  In  the  early  experiments  the  time  of  precipitation  was  determined  by  the 
rate  of  spontaneous  coagulation  and  usually  lasted  for  1  to  2  hours.  Here  the  precipitation  was  done  in  liter 
beakers  by  the  technique  of  adding  10  ml  of  1  N  CaCl2  solution  and  15  ml  of  1  N  sodium  carbonate  solution,  ad¬ 
ded  in  two  portions  5  min  apart  and  with  vigorous  stirring. 

In  subsequent  experiments  we  used  the  technique  of  a  forced  coagulation  of  the  precipitate,  which  greatly 
shortened  the  time  of  precipitation  and  made  it  possible  to  use  a  simple  adaptation,  a  liter  bottle  with  removable 
stoppers,  for  running  the  concentrlition.  It  is  convenient  to  use  such  an  apparatus, not  only  in  geological  explora¬ 
tions,  but  also  In  investigating  the  contamination  of  ponds  of  industrial  waste  waters  located  at  some  distance 
from  the  source  of  contamination. 

However,  the  preliminary  precipitation  in  beakers  made  it  possible  to  establish  the  extent  of  coprecipitation 
of  the  discussed  microelements  and  to  disclose  the  role  of  the  coagulant. 

Some  results  on  the  completeness  of  coprecipitation  with  CaC03  from  1  liter  of  solution  are  given  in  Table  1. 
From  the  data  in  Table  1  it  can  be  seen  that  the  coprecipitation  of  the  investigated  microelements  is  sufficiently 
complete  to  permit  making  an  approximate  estimate  of  the  amount  (for  a  mineral  content  In  the  water  up  to  0.5 
g/llter).  The  elements  Sr,  Ra,  Ba,  Ta  (Ta03‘),  Th,  Zr,  Ti,  and  apparently,  U,  Hf,  Sn^^  and  Sb^^  are  also  copre¬ 
cipitated  with  approximately  the  same  completeness,  but  the  difficulty  of  making  a  chemical  (but  not  spectral) 
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analysis  of  the  precipitate  does  not  permit  a  detailed  discussion  of  these  elements  in  the  present  paper. 

The  role  of  iron  as  an  additive  in  the  eoprecipitation  apparently  eonsists  in  coagulating  the  fine  suspension 
of  calcium  carbonate  particles,  which  fail  to  settle  even  on  long  standing.  It  is  also  possible  that  ferric  hydroxide 
serves  as  an  additional  collector  for  difficultly  soluble  compounds  of  the  microelements.  It  is  interesting  to 
mention  that  the  addition  of  iron  functions  to  substantially  increase  the  degree  of  copreeipitation  of  the  miero- 
elements  only  if  it  is  made  prior  to  the  addition  of  the  sodium  carbonate. 

Next  we  ran  some  experiments  on  hastening  the  coagulation  of  the  CaC03  precipitate.  The  choice  of 
coagulants  was  limited  to  those  which  interfere  the  least  with  subsequent  analysis  or  which  are  found  in  one  form 
or  another  in  the  collector  coprecipitate.  Al®^  belongs  to  the  first  class,  and  Fe®^  to  the  second. 

Both  ions,  if  added  after  the  sodium  carbonate  addition,  greatly  accelerate  both  the  coagulation  and  the 
settling  of  the  precipitate.  Addition  of  the  ions  prior  to  adding  the  sodium  carbonate  also  accelerates  the  coagula¬ 
tion,  but  to  a  lesser  degree.  The  precipitates  are  sharply  different.  Whereas  coagulation  with  aluminum  yields  a 
gelatinous  precipitate,  the  use  of  iron  for  coagulation  yields  a  very  compact  precipitate  of  the  carbonate,  having 
a  brown  color  due  to  the  coprecipitated  iron. 

Iron  proved  to  be  the  more  suitable  coagulant  for  two  reasons:  first,  the  need  of  adding  it  in  advance  in  the 
coprecipitation  of  V,  W,  Mo  and  Ag  makes  it  necessary  to  take  its  presence  into  consideration  in  one  way  or 
another  in  subsequent  analysis;  second,  the  compact  character  of  the  precipitate  when  coagulation  is  with  iron 
makes  it  possible  to  use  a  simple  procedure,  suitable  for  field  work,  for  running  the  coprecipitation  with  calcium 
carbonate.  In  this  case  a  standard  liter  bottle  is  used  for  precipitating  the  carbonate  in  the  test  water.  After  ad¬ 
ding  the  reagents  and  stirring,  a  test  tube  is  attached  to  the  bottle  through  a  drilled  rubber  stopper.  iTien  the 
bottle  is  turned  with  the  neck  down,  and  the  precipitate  settles  to  the  bottom  of  the  test  tube.  After  20  min  the 
bottle  is  tilted  gently,  the  test  tube  with  carbonate  precipitate  is  "unscrewed",  and  the  water  is  poured  out  of  the 
bottle. 

Analysis  of  the  collector  coprecipitates  for  the  microelements  present  revealed  that  if  the  same  quantities 
of  reagents  are  used  as  In  the  slow  coprecipitation  (without  coagulant),  then  only  0.30-0.33  g  of  the  coprecipitate 
succeeds  in  settling  in  20  min,  and  consequently  the  degree  of  coprecipitation  of  the  microelements  is  somewhat 
low.  However,  if  the  amount  of  reagents  is  increased  so  that  the  theoretical  weight  of  the  precipitate  is  1.0  g, 
while  its  actual  weight  is  0.6S-0.70  g,  then  the  same  degree  of  coprecipitation  is  achieved  as  in  the  slow  settling, 
and  in  some  cases  it  is  even  higher.  The  data  on  the  completeness  of  the  coprecipitation  of  different  microele¬ 
ments  under  various  coprecipitation  conditions  are  summarized  in  Table  2 

As  a  result,  it  is  possible  to  obtain  just  as  good  results  in  rapid  coprecipitation  as  in  slow.  If  the  amount  of 
collector  is  not  increased,  and  instead  the  same  amount  is  used  as  in  slow  coprecipitation  (0.,S  g),  the  results  are 
still  suitable  for  judging  relative  changes  in  the  concentration.  • 

The  coprecipitation  of  some  of  the  elements  was  examined  at  high  salt  concentrations.  Increasing  the  NaCl 
concentration  in  the  water  to  5  g/ liter  was  without  effect  on  the  degree  of  coprecipitation  of  Pb  and  Cu,  but  it 
decreased  the  degree  of  coprecipitation  of  Zn  by  15-20%.  The  presence  of  large  amounts  of  (up  to  5  g/ liter) 
in  the  water  was  without  effect  on  the  completeness  of  coprecipitation  (verified  for  Cu,  Pb,  Zn,  Ag),  but  naturally 
the  weight  of  precipitate  increased  here  due  to  reaction  of  the  Ca^"*^  with  excess  C03*”.  The  presence  of  Mg  in 
amounts  ranging  from  0.3  to  0.5  g/ liter  made  it  necessary  to  increase  the  amount  of  precipitant  (sodium  carbonate) 
and  it  also  caused  a  slowing  up  of  the  precipitation  process.  For  some  of  the  elements  (Cu,  Pb,  Mo,  Ag)  we  deter¬ 
mined  the  degree  of  coprecipitation  in  the  presence  of  substantial  amounts  of  magnesium  (up  to  1  g/ liter).  As 
could  be  expected,  the  degree  of  coprecipitation  was  not  lowered. 

For  two  of  the  elements,  beryllium  and  molybdenum,  we  investigated  the  effect  of  a  high  mineral  content 
(of  the  order  of  20  g/ liter— approximately  5  g  of  MgCl^,  15  g  of  NaCl  and  about  1  g  of  CaCl2)  on  the  coprecipita¬ 
tion.  The  degree  of  coprecipitation  shown  by  beryllium  was  not  reduced.  The  amount  of  molybdenum  in  the 

•With  the  exception  of  Mo,  for  which  the  degree  of  coprecipitation  using  0.5  g  of  CaCO^  is  slightly  low  irrespec¬ 
tive  of  whether  the  coprecipitation  is  rapid  or  slow.  Reliable  results  are  obtained  for  Mo  when  the  theoretical 
weight  of  collector  is  1.0  g. 
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TABLE  2 


Completeness  of  Coprecipitation  of  Microelements  (Percent  Copre 
cipitation)  as  a  Function  of  the  Coprecipitation  Conditions 


Micro¬ 

element 

Slow  coprecipi¬ 
tation  in  a 
beaker.  Theo¬ 
retical  weight 
of  collector 

g 

Rapid  coprecipitation  in  a  bottle 
with  forced  coagulation  of  the 
carbonate  (coagulant  Fe*^).  Time 
of  precipitation,  20  minutes 

theoretical 
weight  of  col¬ 
lector  0.5  g 

theoretical  weight 
of  collector 

10  g 

actual  weight  of  collector  (in  g) 

0.40-0.44  1 

1  0.30-0.33  1 

1  0.65-0.70 

Cu 

95-100 

85 

95-100 

Zn 

85-  90 

60—  70 

90—  95 

Mn 

95—100 

85—  90 

95-100 

Pb 

100 

95-100 

100 

Ag 

80-100 

60—  70 

85-100 

Co 

75—  85 

75-  85 

95—100 

V 

90-100 

90—  95 

95—100 

w 

90-100 

85—  95 

90—100 

Mo 

35—  50 

35—  50 

70—  80 

Nb 

90—100 

1  Not  deter-  f 

95—100 

Be 

95—100 

1  mined  \ 

95-l(K) 

coprecipitate  was  found  to  be  one  half  that  obtained  under  standard  conditions,  but  parallel  experiments  in  vdiich 
known  amounts  of  Mo  were  added  to  the  precipitate  revealed  that  nearly  all  of  the  molybdenum  loss  occurs  in 
processing  the  bulky  precipitate  and  subsequent  operations. 

For  several  elements  (Cu,  Zn,  Pb,  Mo,  Ag)  we  investigated  the  effect  of  certain  organic  substances  on  the 
completeness  of  coprecipitation.  The  presence  of  citric  and  tartaric  acids  in  amounts  up  to  5  g/ liter  is  without 
effect  on  the  coprecipitation  of  copper  and  lead;  the  presence  of  peat  extract  in  amounts  up  to  0.5  g/ liter  (on 
the  dry  material)  is  also  without  effect.  The  coprecipitation  of  zinc  under  the  same  conditions  is  reduced  by 
10-1,5'yo.  The  coprecipitation  of  molybdenum  and  niobium  was  investigated  at  contents  of  citric  and  tartaric  acids 
up  to  1  g/ liter  and  of  peat  extract  up  to  0.5  g/ liter.  A  reduction  in  the  degree  of  coprecipitation  was  not  ob¬ 
served. 

Possibility  of  Semlquantitative  Spectral  Analysis 

When  the  coprecipitation  was  run  in  a  bottle,  we  added  5  mg/ liter  of  Fe®^  before  precipitation  of  the 
calcium  chloride  with  sodium  carbonate  and  2  mg/ liter  after  the  precipitation.  A  very  important  fact  here  is 
that  nearly  all  of  the  iron  appears  in  the  CaC03  precipitate  (95-100%).  A  constant  amount  of  iron  in  a  constant 
weight  of  the  collector*  might  serve  as  an  auxiliary  means  of  analysis  in  the  semlquantitative  spectral  determina¬ 
tion  of  the  coprecipitated  microelements.  Spectral  analysis  is  an  especially  convenient  technique  when  it  is  nec¬ 
essary  to  determine  several  microelements  in  one  sample. 

*  Chemical  analysis  of  the  collector  for  the  controlling  microelement  can  be  run  either  on  parallel  samples 
or  on  a  portion  of  the  precipitate  taken  for  spectral  analysis.  The  quantitative  spectrographic  determination  of 
certain  microcomponents  in  carbonates  is  described  in  the  literature  [5-7], 

Preparation  of  Test  Solutions  and  Accelerated  Coprecipitation  Procedure 

The  CaClj  and  Na2C03  solutions  (prepared  from  c.  p.  salts)  were  purified  by  the  technique  of  "partial 
precipitation"  [8],  The  solutions  were  prepared  20%  more  concentrated  than  required.  The  calcium  chloride 


•For  example,  when  the  theoretical  weight  of  collector  is  1.0  g  and  the  actual  value  is  0.65-0.70  g,  the  amount 
of  iron  will  be  ^  100  _  i.0o7„. 

—m — 
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solution  was  partially  (about  10%)  precipitated  with  sodium  carbonate,  and  the  sodium  carbonate  solution  In  turn 
was  partially  precipitated  (about  10%)  with  calcium  chloride.  After  allowing  to  settle,  the  partial  precipitation 
was  repeated.  The  precipitates,  containing  the  impurities,  were  discarded,  while  the  decanted  solutions  were 
used  for  the  work.  FeClj  was  obtained  from  pure  iron  carbonyl  or  else  a  solution  of  c.  p.  FeCls  was  used. 

A  blank  experiment  for  the  presence  of  the  microcomponent  being  determined  was  run  on  all  of  the  test 
solutions.  The  concentration  of  the  test  solutions  can  be  varied  within  wide  limits.  It  is  convenient  to  use  1  N 
CaCl2  solution,  2  N  sodium  carbonate  solution  and  a  FeCls  solution  containing  1  mg/ ml  Fe*'*’. 

A  liter  bottle  with  a  rubber  sleeve  on  the  neck  can  be  used  for  the  work.  The  test  tube  for  collecting  the 
precipitate  should  have  an  internal  diameter  of  22-23  mm  and  a  length  of  80-90  mm.  Twenty  milliliters  of  1  N 
calciun  chloride  solution  is  poured  into  each  of  these  test  tubes  in  advance.  The  test  tubes  are  closed  with  pure 
stoppers  and  are  held  until  the  samples  are  taken. 

The  taking  of  the  samples  and  their  concentration  is  done  as  follows:  the  bottle  is  rinsed  twice  with  the 
investigated  water  and  is  then  filled  up  to  the  mark.  If  the  water  is  strongly  acid  (pH<  3),  then  before  copreci¬ 
pitation  the  excess  acid  is  neutralized  with  sodium  carbonate  to  either  neutral  or  weakly  alkaline  reaction  to 
litmus,  followed  by  immediately  running  the  coprecipitation.  The  CaCl2  solution  is  poured  from  the  test  tube 
into  the  water,  .S  ml  of  FeCls  solution  is  added,  the  bottle  is  closed  with  a  stopper,  and  the  whole  is  mixed  by 
shaking.  Then  the  NasCOs  solution  (2  N)  is  added  in  three  portions,  shaking  after  each  addition.  The  first 
sodium  carbonate  portion  is  3  ml,  the  second  is  5  ml,  and  the  third  is  6  ml.  • 

After  adding  the  third  portion  and  shaking,  another  2  ml  of  FeCls  solution  is  added,  the  empty  test  tube 
is  "screwed"  into  the  rubber  sleeve  on  the  neck  of  the  bottle,  and  the  whole  is  shaken  vigorously  for  2  minutes. 

At  the  end  of  shaking,  the  bottle  is  inverted  and  allowed  to  stand  in  this  position  for  20  minutes,  giving  the 
precipitate  a  chance  to  collect  in  the  test  tube.  At  the  end  of  20  minutes  the  test  tube  is  disconnected  and  closed 
with  a  stopper,  keeping  the  precipitate  until  analyzed. 

Chemical  Analysis  of  the  Collector 

Usually  the  entire  calcium  carbonate  precipitate  was  analyzed  for  only  one  microcomponent,  except  for 
the  frequent  case  of  the  common  presence  of  copper,  zinc,  and  lead.  In  this  case  the  analysis  was  run  on  one 
sample  without  subdividing  the  collector,  but  by  the  successive  removal  of  the  individual  microcomponents. 

Determination  of  copper,  zinc  and  lead.  The  CaCOs  precipitate  was  dissolved  in  hydrochloric  acid  and 
the  solution  warmed  gently  to  remove  the  CO2.  The  solution  was  then  transferred  to  a  separatory  funnel,  neutral¬ 
ized  with  ammonia  until  a  permanent  turbidity  appeared.  10  ml  of  carbon  tetrachloride  and  2  ml  of  a  3%  sodium 
diethyldithlocarbamate  solution  added,  and  the  whole  shaken  vigorously  for  2  minutes.  The  carbon  tetrachloride 
layer,  containing  the  carbamates  of  copper,  lead  and  zinc  (and  iron),  was  separated.  The  CCI4  was  treated  4 
times  in  a  separatory  funnel  with  10  ml  portions  of  0.1  N  HCl  solution,  shaking  each  time  for  1  minute.  The 
hydrochloric  acid  extracts  were  separated  carefully  (avoiding  the  foam)  and  combined. 

We  established  that  at  this  acidity  the  zinc  extracts  completely  into  the  water  layer,  whereas  the  lead 
begins  to  be  reextracted  only  at  a  1  N  HCl  concentration,  and  goes  completely  into  the  water  layer  when  the 
CCI4  is  treated  with  3  N  BZl  solution.  The  copper  does  not  reextract  even  with  6  N  HCl  solution. 

Taking  an  aliquot  of  the  combined  0.1  N  HCl  extracts,  containing  the  zinc  (or  taking  the  entire  extract  if 
the  amount  of  zinc  is  believed  to  be  less  than  5y),  we  added  approximately  1-2  ml  of  a  freshly  prepared  25% 
ascorbic  acid  solution  to  reduce  the  Fe®^.  After  shaking,  the  solution  was  transferred  to  a  separatory  funnel,  where 
it  was  neutralized  with  ammonia  (to  litmus  paper),  then  6  ml  of  buffer  solution  with  pH  =  4.75  and  0,5  ml  of  10%  thio' 
sulfate,  solution  were  added,  and  the  zinc  was  determined  colorimetrically  using  dithizone  [9]. 

The  CCI4  layer,  remaining  after  separation  of  the  zinc,  was  treated  3  times  with  8  ml  portions  of  3  N  IKl 
solution, ••  also  shaking  for  1  minute  each  time.  A  certain  amount  of  iron,  present  in  the  extract,  was  reduced 

•A  large  excess  of  sodium  carbonate  assures  complete  precipitation  even  with  substantial  amounts  of  CO2  in  the 
water. 

•  •It  is  necessary  to  use  acid  that  had  been  distilled  by  the  "cold method" [10].  The  ammonia  used  for  the  neutral¬ 
ization  should  also  be  distilled.  If  this  is  not  done,  the  blank  experiment  correction  is  slightly  high. 
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with  ascorbic  acid  as  Indicated  above,  after  which  the  solution  was  transferred  to  a  separatory  funnel,  2  drops  of 
thymol  blue  was  added,  and  the  solution  was  neutralized  with  cone,  ammonia  until  the  red  color  changed  to 
yellow  (pH  =  2,8),  and  then  with  dilute  ammonia  (1 : 100)  dropwlse  until  the  indicator  color  changed  to  a  blue- 
green  (pH  =  8. ft).  Then  the  lead  was  determined  colorimetrically  using  dithizone  [9]. 

The  residual  carbon  tetrachloride  layer,  containing  the  copper  carbamate  and  traces  of  iron  (which  inter¬ 
feres  with  the  direct  colorimetric  determination  of  copper),  was  shaken  for  2  minutes  in  a  separatory  funnel  with 
10  ml  of  lead  acetate  solution,  containing  1  mg  of  Pb  per  ml,  in  the  presence  of  3  ml  of  buffer  solution  with 
pH  =  ft.  6. 

The  iron  was  displaced  from  the  carbamate  by  lead,  after  which  the  copper  was  determined  colorimetric¬ 
ally  by  comparison  with  the  standard  series  [9], 

Determination  of  silver.  The  CaC03  precipitate  was  dissolved  in  cone,  nitric  acid  and  the  solution  was 
evaporated  to  dryness  on  a  sand  bath.  The  walls  of  the  beaker  were  rinsed  with  ammonia  and  water,  the  solution 
acidified  with  excess  nitric  acid  and  the  evaporation  to  dryness  repeated.  The  dry  residue  was  dissolved  in  ft-10  ml 
of  0.4-0, ft  N  nitric  acid  solution,  free  of  nitrogen  oxides,  and  the  silver  was  determined  by  colorimetric  titration 
using  copper  dithizonate  as  the  reagent  [9]. 

If  the  copper  dithizonate  is  oxidized  by  impurities  present  in  the  coprecipitated  sample,  it  becomes  nec¬ 
essary  to  first  extract  the  silver  with  strong  copper  dithizonate  solution.  The  obtained  solution  of  mixed  copper 
and  silver  dithizonates  in  carbon  tetrachloride  is  evaporated  to  dryness  on  the  water  bath,  after  which  the  dry 
residue  is  dissolved  in  ft-10  ml  of  O.ft  N  HNO3  solution,  and  then  the  silver  is  determined  as  indicated  above. 

Determination  of  manganese.  The  carbonate  precipitate  was  dissolved  in  nitric  acid,  3  ml  of  cone,  HCl 
was  added,  and  the  solution  was  evaporated  to  dryness  on  the  water  bath.  The  dry  residue  was  treated  with  ft  ml 
of  cone,  nitric  acid,  and  the  mixture  was  first  evaporated  and  then  gently  ignited  over  a  free  flame  or  in  a  sand 
bath.  The  oxidative  evaporation  and  ignition  functioned  to  consume  small  amounts  of  organic  substances  ex¬ 
tracted  from  the  test  waters  by  the  carbonate  precipitate  and  interfering  with  subsequent  determination.  After 
Ignition,  the  dish  was  cooled,  1ft  ml  of  2  N  nitric  acid  solution  and  2  ml  of  8ft<7o  phosphoric  acid  were  added  to 
the  residue,  then  O.ft  g  of  dry  sodium  or  potassium  periodate  (or  paraperiodate),  and,  covering  the  dish  with  a 
watch  glass,  the  mixture  was  heated  to  the  boil.  Gentle  boiling  was  maintained  for  10  minutes.  After  cooling, 
the  dish  contents  were  transferred  to  a  test  tube  for  colorimetering,  and  the  determination  was  made  by  comparing 
with  a  series  of  standards,  prepared  as  described  by  Sandell  [9].  We  added  2-3  mg  of  Fe^'*’  and  2  ml  of  phosphoric 
acid  to  each  of  the  standards.  Either  ferric  sulfate  or  nitrate  is  suitable  here,  but  not  the  chloride,  due  to  the  re¬ 
ducing  action  of  the  chloride  ion. 

Determination  of  cobalt.  The  CaC03  precipitate  was  dissolved  in  hydrochloric  acid  and  the  solution  was 
evaporated  to  dryness  in  a  small  pyrex  beaker.  The  residue  was  dissolved  in  10  ml  of  water  with  the  addition  of 
O.ft  ml  HCl  (1 : 1)  and  O.ft  ml  HNO3  (1 : 1),  and  the  cobalt  was  determined  using  nitroso-R  salt  [9]. 

Determination  of  vanadium.  The  CaC03  precipitate  was  dissolved  in  the  exact  amount  of  hydrochloric  acid 
solution  (using  litmus  paper  as  a  control,  and  then  the  acidity  was  raised  to  O.ft  N,  followed  by  running  the  deter¬ 
mination  as  the  phosphotungstate  complex  [9], 

Determination  of  molybdenum.  The  precipitate  was  dissolved  in  HCl. and  the  solution  was  transferred  to  a 
100 -ml  separatory  funnel,  where  7  ml  of  cone.  HCl  was  added  and  the  whole  made  up  to  ftO  ml  with  water. 

Then  the  molybdenum  was  determined  as  the  thiocyanate  complex  using  the  procedure  described  by  Sandell  [9]. 
Approximately  equivalent  amounts  of  CaCl2  and  from  S-6  mg  of  Fe^"''  were  added  to  each  of  the  standards. 

Determination  of  tungsten.  The  CaC03  precipitate  was  dissolved  in  hydrochloric  acid,  1  ml  of  40<yo  tartaric 
acid  solution  was  added,  the  solution  boiled  to  remove  CO2,  then  neutralized  with  NaOH  solution,  and,  neglecting 
the  possible  formation  of  a  small  amount  of  precipitate,  which  dissolves  in  subsequent  operations,  the  tungsten  was 
determined  as  the  thiocyanate  complex  [9].  Approximately  equivalent  amounts  of  CaCl2  and  from  5-6  mg  of  Fe*'*' 
were  added  to  each  of  the  standards. 

Determination  of  niobium.  The  CaC03  precipitate  was  dissolved  in  the  minimum  amount  of  cone.  HCl. 
The  obtained  solution  was  then  treated  with  saturated  tartaric  acid  solution  on  the  basis  of  0.13  ml  of  tartaric 
acid  solution  per  milliliter  of  original  solution.  The  solution  was  transferred  to  a  test  tube  with  ground -glass 
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stopper  and  sufficient  cone.  HCl  was  added  to  make  its  final  concentration  in  the  solution  4  N.  Then  the 
niobium  was  determined  using  the  thiocyanate  extraction  method  [11]. 

Determination  of  beryllium.  The  CaCOs  precipitate  was  dissolved  in  hydrochloric  acid,  avoiding  a  large 
excess,  and,  adding  several  drops  of  sodium  acetate  solution  to  neutralize  the  excess  HCl,  the  iron  was  separated 
using  8-hydroxyquinoline  [12].  Then  having  added  0..S  ml  of  HNO3  and  an  excess  of  sulfuric  acid  for  the  amount 
of  calcium  present  in  the  solution,  the  solution  was  evaporated  nearly  to  dryness.  Then  dry  trilonrB  powder  was 
added  in  an  amount  .S-KXyo  greater  than  that  required  to  complex  the  calcium,  and  the  solution  was  neutralized  to 
weakly  alkaline  reaction  with  cone.  NaOH  solution.  The  slight  turbidity  was  removed  either  by  flocculation  or 
by  filtration.  Then  the  beryllium  was  determined  using  morin  [13]. 

Very  small  amounts  of  beryllium  are  best  determined  spectrograph! cally.  If  only  beryllium  has  to  be  deter¬ 
mined  chemically,  then  it  is  more  convenient  to  use  5  mg  of  Al®^,  and  not  iron  as  the  additional  collector.  Also 
in  this  case  the  dry  trilon  B  powder  is  added  to  the  carbonate  precipitate  in  an  amount  .‘S-lO^o  greater  than  the 
stoichiometric,  but  only  enough  water  is  used  to  give  a  volume  of  about  S  ml.  After  heating  the  mixture  to  dis¬ 
solve  the  CaCOs  precipitate,  followed  by  filtration  of  the  turbidity  and  making  the  filtrate  alkaline,  the  beryllium 
was  determined  using  morin  [13],  having  added  equal  amounts  of  calcium  to  the  standards. 

SUMMARY 

1.  A  rapid  method,  convenient  for  operating  in  the  field,  was  developed  for  concentrating  the  microele¬ 
ments  found  in  natural  waters  by  coprecipitation  with  calcium  carbonate.  The  degree  of  extraction  when  the 
concentration  is  done  from  a  liter  of  solution  is  quite  complete  for  the  investigated  microelements:  Cu,  Zn,  Pb, 

Mn,  Ag,  Co,  V,  W,  Mo,  Nb  and  Be  (Sr,  Ra,  Ba,  Ta,  Th,  Zr,  Ti).  The  method  can  also  be  used  for  the  concentra¬ 
tion  and  subsequent  determination  of  the  microelements  in  waste  waters  and  ponds,  contaminated  by  the  effluents 
from  industrial  plants  and  from  the  collector  coprecipitate. 

2.  A  new  method  was  proposed  for  determining  microamounts  of  copper,  lead  and  zinc  in  one  sample  with¬ 
out  using  potassium  cyanide,  and  in  the  presence  of  substantial  amounts  of  iron.  The  method  is  based  on  the 
relative  stability  of  the  carbamates  of  Cu,  Pb  and  Zn  toward  acids,  which  stability  is  sharply  delineated  when  the 
carbamates  are  reextracted  with  different  concentrations  of  acid  from  an  organic  solvent. 
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APPLICATION  OF  THE  THEORY  OF  SIMILITUDE  TO  A  STUDY 
OF  PROCESSES  OF  CHEMICAL  TECHNOLOGY* 

P.  G.  Romankov  and  A.  A,  Medvedev 
Lensovet  Leningrad  Technological  Institute 


In  developing  the  theory  of  any  process  of  chemical  technology.  In  order  to  determine  the  optimum  con¬ 
ditions  for  operation  of  the  chemical  apparatus  it  proves  necessary  to  make  extensive  use  of  the  study  method  in 
which  theory  is  combined  with  experiment. 

The  theoretical  method  of  analysis  permits  composing  a  mathematical  description  of  the  process  in  some 
form  or  another  (in  the  form  of  differential  equations,  integral— differential  equations,  enumeration  of  the  terms 
important  for  a  given  process,  etc.).  It  is  also  known  that  only  an  experimental  study  of  the  problem  without 
theoretical  analysis  greatly  limits  the  usefulness  of  the  obtained  results,  detracting  from  the  work.  It  Is  for  this 
reason  that  the  similitude  theory,  together  with  a  physicochemical  analysis  of  the  nature  of  technological  proc¬ 
esses,  occupies  a  prominent  place  at  the  present  time  in  technical  investigations.  In  our  country  an  especially 
great  contribution  In  developing  the  similitude  theory  as  the  theory  of  experimental  Investigations,  and  primarily 
In  developing  the  theory  of  heat  modeling,  was  made  by  Academician  Kirpichev  [1]  and  his  school  [2-4]. 

Experiment  reveals  [5-11]  that  the  methods  of  the  similitude  theory  (analysis  of  connecting  equations  and 
analysis  of  dimensions)  are  highly  fruitful  when  investigating  the  unit  processes  of  chemical  technology:  hydraulic, 
heat,  diffusion,  and  also  the  processes  linked  with  chemical  transformations.  Nevertheless,  a  number  of  questions 
relating  to  the  utilization  of  the  similitude  theory  deserve  an  independent  treatment  and  clarification.  Some  of 
these  questions  will  be  discussed  below. 

Boundary  conditions.  In  a  mathematical  description  of  the  investigated  process  it  Is  necessary  to  give  a 
very  distinct  and  rigid  formulation  of  the  conditions  for  its  progress  at  the  boundaries  of  the  space-time 
region,  i.e.,  the  boundary  conditions  (conditions  of  being  synonymous)  of  the  given  problem. 

We  will  examine  this  on  one  of  the  examples  of  mass  transfer  in  the  process  of  extraction  In  the  system 
solid— liquid  [12].  We  will  limit  the  problem  by  the  following  conditions.  Let  grad  T  =  0  and  grad  p  =  0,  I.e., 
thermodiffusion  and  mechanical  effects  are  absent  Inside  the  solid;  the  rate  with  which  the  extracted  substance 
dissolves  in  the  solvent  is  much  greater  than  the  diffusion  rate,  i.e.,  the  limiting  rate  of  the  process  Is  truly 
diffusional. 

In  such  a  case  the  process  of  extraction  Inside  the  solid  can  be  described  by  the  differential  equation  of 
molecular  diffusion.  Forthe  sake  of  simplicity  we  will  write  this  equation  In  the  classical  form 

dC 

(1) 


•Based  on  material  presented  by  the  authors  at  the  8th  Mendeleev  Convention  on  General  and  Applied  Chemistry 
(Moscow,  March,  1959). 
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We  will  formulate  the  boundary  conditions  of  the  problem:  let  a)  the  geometric  shape  of  the  solid  be  a 
parallelepiped  with  the  dimensions  6i.  6j  and  63;  b)  the  time  (initial)  condition  be  at  r  =  0,  with  a  random 
distribution  of  the  mass 


=  o  =  y*  *.  h,  h.  h)> 


(2) 


Let  C  _^  =  Cq,  i.e.,  in  the  initial  moment  the  mass  is  distributed  uniformly;  c)  the  boundary  condition  be 
at  X  =  61,  y  =  62.  z  =  63.  T  >  0 


(3) 


where  grad  Cjurface  taken  at  the  surface  Itself. 

Using  the  technique  of  similar  transformation,  we  now  can,  without  resorting  to  analytical  integration, 
obtain  quite  easily: 


E  =  h(Fo\  in\  Ti,  Ta,  Tg), 

(4) 

where  E  =  is  the  concentration  simplex;  ^  ^  ,  r-,  =  ~  are  the  geometric  criteria  ; 

ACo  ‘  *2 

and  Fo’  and  Bi’  are, respectively,  the  diffusion  criteria  of  Fourier  and  Biot,  the  conditional  (transformed)  analogs 
of  similar  heat  criteria. 

Thus,  a  solution  of  the  boundary  problem  is  found  in  the  form  of  an  implicit  criterial  function,  describing 
the  concentration  field  Inside  the  solid  body  for  the  investigated  extraction  process.  The  form  of  this  function 
can  be  obtained  experimentally  by  known  methods. 

In  the  case  where  the  function  Bi*  =  (Re,  Pr*)  holds,  we  obtain, for  the  discussed  example, in  general 

form 


E  =  f{Re.  Fo',  Pr',  Fu  F^.  F3). 


(5) 


As  an  example,  illustrating  the  explicit  form  of  the  criterial  function  with  respect  to  the  kinetics  of  the 
extraction,  we  will  present  the  following  equation 


fl=0.87(/i’o')“®-^®  (/>r')®-2  (6) 

which  was  derived  by  one  of  the  authors  of  this  paper  jointly  with  Pao  Chih-ch’uang[13,  14]  as  the  result  of  an 
approximate  modeling  of  the  process. 

Equation  (6)  describes  within  known  limits  the  kinetics  of  the  process  for  the  extraction  of  food  materials 
from  soybean  in  batch  equipment. 

System  of  similitude  criteria.  Up  to  now  there  Is  no  unity  in  the  viewpoints  regarding  a  rational  system  of 
similitude  criteria.  Many  investigators  prefer  to  introduce  a  constantly  increasing  number  of  new  criteria  of 
similitude,  discarding  earlier  established  criteria  that  had  proved  completely  valid.  To  be  sure,  if  new  criteria 
of  similitude  arise  as  the  result  of  a  rigid  mathematical  analysis  of  the  process,  then  the  appearance  of  such  cri  - 
teria  is  quite  in  order.  However,  a  number  of  investigators,  striving  to  bring  their  own  criteria  of  similitude  into 
science,  spend  thein  time  in  an  unjustified  combining  of  some  criteria  with  others,  and  at  times  in  an  exclusion 
or  arbitrary  replacement  of  **unsatlsfactory"  criteria.  Although  the  similitude  theory  formally  authorizes  making 
any  combinations  with  criteria,  in  no  manner  does  this  mean  that  preference  must  be  given  to  any  new  combina¬ 
tion.  It  must  not  be  forgotten  that  formal  operations  with  similitude  criteria  frequently  lead  to  a  clouding  of  the 
physical  meaning  of  dimensionless  groups,  in  view  of  which  the  theoretical  analysis  of  the  process  fails  badly. 

An  arbitrary  exclusion  of  similitude  criteria  is  completely  inadmissible.  In  this  respect  a  simplification  of  the 
criterial  equation  must  be  approached  only  after  an  explicit  form  of  the  criterial  function  had  been  found  (for 
example,  when  the  values  of  both  constant  C  and  the  exponents  m,  n...  of  the  similitude  criteria  have  been 
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established).  Here  it  is  permissible,  for  example,  to  bring  into  the  total  coefficient  of  the  equation  those  com¬ 
plexes  and  simplexes  that  prove  to  be  quantitatively  unimportant,  or  to  combine  these  criteria  under  one  exponent, 
if  the  exponents  are  practically  the  same. 

We  believe  that  in  treating  experimental  data  it  is  necessary  to  first  make  use  of  the  existing  system  of 
similitude  criteria  [1].  This  is  especially  true  when  describing  hydrodynamic  and  heat  processes.  In  describing 
diffusion  processes,  use  must  first  be  made  of  the  complete  analogs  of  the  criteria  of  heat  similitude.  Only  here  it 
is  necessary  to  keep  in  mind  that  the  classical  equations  for  concentration  diffusion  [15]  are  not  complete  analogs 
of  the  corresponding  equations  for  heat  conductivity.  This  situation  and,  as  a  consequence  of  it,  the  lack  of  a 
complete  analogy  between  the  classical  criteria  of  diffusion  and  heat  similitude  has  already  been  discussed  by 
us  [16,  12]. 

The  derivation  of  rational  criteria  of  similitude  for  true  chemical  processes  deserves  separate  consideration. 
Application  of  the  similitude  theory  to  investigating  processes  involving  chemical  transformations  causes  known 
difficulties  due  to  the  complexity  of  these  processes  (for  example,  their  many  stages,  lack  of  knowledge  regarding 
the  mechanism  of  intermediate  stages,  etc.),  and  also  for  the  reason  that  the  course  of  these  processes  is  deter¬ 
mined  not  only  by  the  rate  of  the  chemical  reactions,  but  also  by  physical  conditions.  However,  even  in  this  region 
some  success  has  been  achieved  regarding  the  application  of  the  similitude  theory.  For  example,  D*yakonov  [11], 
not  disclosing  the  micromechanism  of  a  number  of  processes  involving  chemical  transformations,  generalized  the 
empirical  rules  of  their  progress  by  employing  a  thermodynamic  method  and  depicted  the  results  of  his  generaliza¬ 
tions  in  the  form  of  criterial  equations. 

Nevertheless,  it  must  be  acknowledged  that  the  successes  achieved  to  date  in  the  domain  of  modeling  proc¬ 
esses  involving  chemical  transformations  are  only  the  initial  step  in  developing  a  theory  of  similitude  for  these 
processes. 

Analysis  of  processes  by  thermodynamic  methods.  In  recent  years  the  tendency  has  been  to  make  more 
extensive  use  of  thermodynamic  methods  to  analyze  and  describe  processes  of  chemical  technology.  Thus,  for 
example,  the  methods  of  chemical  thermodynamics  have  found  reflection  in  the  studies  of  D*yakonov  [11]  and 
Taganov  [17];  Lykov  [18]  and  his  school  [19]  expand  on  the  concepts  of  classical  thermodynamics  and  apply  the 
thermodynamic  theory  to  irreversible  processes  in  describing  the  phenomena  of  moisture  transfer  in  materials 
with  capillary  pores  and  certain  other  processes. 

In  our  opinion,  the  use  of  methods  involving  the  thermodynamics  of  irreversible  processes  appears  most 
promising  for  investigating  complex  interrelated  processes  (for  example,  when  heat,  diffusion  and  hydrodynamic 
phenomena  are  simultaneously  present  in  the  system).  Here  the  most  important  is  the  Onsager  method  [20,  21], 
based  on  the  use  of  nonequilibrium  thermodynamic  functions  and  reciprocal  equations. 

With  the  aid  of  this  method  we  were  able  to  give  a  quantitative -qualitative  explanation  for  the  absence 
of  a  complete  analogy  between  the  classical  equations  of  diffusion  and  heat  conductivity  [16],  and  we  also  derived 
a  number  of  new  similitude  criteria,  characterizing  the  peculiarities  of  the  molecular  and  convective  (molecular 
molar)  types  of  mass  transfer  in  the  system  solid— liquid  under  nonisothermal  conditions  [12,  22].  We  also  applied 
this  method  to  an  analysis  and  description  of  the  kinetics  of  mass  and  heat  transfer  for  the  case  of  extraction  in 
the  system  solid— liquid  [12]. 

We  will  give  a  brief  analysis  of  the  kinetics  of  mass-  and  heat-transfer  for  the  indicated  process.  We  will 
characterize  the  mechanism  of  the  transfer  for  definite  conditions,  going  from  the  general  case  to  the  particular. 
Let  the  rate  of  the  first  act  (penetration  of  the  extractant  into  the  solid)  be  considerably  faster  than  the  total  rate 
of  the  transfer  process;  the  rate  of  the  second  act  (solution  and  accompanying  phenomena)  is  also  incomparably 
faster  than  the  total  transfer  rate,  in  which  connection  the  second  act  is  not  accompanied  by  chemical  reactions. 

In  such  case  the  rate  of  the  process  as  a  whole  is  limited  by  the  rate  of  the  third  act  (true  extraction  process).  The 
given  description  of  the  process  corresponds,  for  example,  to  the  process  for  the  extraction  of  sugar  from  sugar 
beet  (here  it  is  possible  for  the  second  act  to  be  completely  absent,  since  the  sugar  inside  the  sugar  beet  is  already 
found  in  a  state  of  solution). 

If  the  influence  of  mechanical  effects  inside  the  solid  is  negligibly  small  (grad  p  -*  0),  then  in  such  case 
the  rate  of  the  third  act  is  determined  with  sufficient  accuracy  by  the  rate  of  the  interrelated  transfer  of  mass 
and  heat  in  the  system.  Here  we  have  in  mind  both  internal  and  external  transfer.  The  motive  force  in  such 
case  is  a  function  of  the  chemical  potential  and  the  temperature. 
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The  mechanism  of  such  a  process,  having  in  mind  the  transfer  of  mass,  may  be  described  by  a  differential 
equation  [22]  of  the  type 
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yyyy\ 

r  r 
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where  Mi  and  are  the  chemical  potentials  of  components  1  and  2,  respectively:  r  is  the  time  of  the  process; 
ap  is  the  conductivity  coefficient  of  the  chemical  potential  of  the  component;  Lji  and  Lp  are  rate  coefficients, 
respectively  expressing  the  conductivity  of  the  mass  under  the  conditions  of  a  superimposed  and  principal  effect 
(under  the  influence  of  heat  and  diffusion  motion  forces);  T  is  the  absolute  temperature;  and  C2  is  the  concentra¬ 
tion  of  component  2. 

Differential  equation  (7),  derived  on  the  basis  of  the  thermodynamic  relationships  holding  for  irreversible 
processes,  describes  the  change  in  the  chemical  potential  of  the  components  with  time  and  space  under  definite 
conditions.  Since  in  general  form  it  does  not  lend  itself  to  analytical  integration,  we  resort  to  the  methods  of  the 
similitude  theory  to  solve  the  boundary  problems.  Using  the  method  of  similar  transformation  of  Equation  (7)  and 
the  boundary  conditions,  synonymously  describing  the  investigated  process,  we  obtain  a  system  of  similitude  cri¬ 
teria,  and  then  a  functional  relationship  between  them.  For  example,  in  solving  one  of  such  boundary  problems 
[12]  we  obtained  the  equation 


“  (8) 

where  Fop  and  Pr^  are, respectively, the  diffusion  criteria  of  Fourier  and  Prandtl  (complete  analogs  of  the  similar 
criteria  of  heat  similitude);  Re  is  the  Reynolds  criterion;  Kj.  K5  and  Kg  are  specific  criteria,  characterizing  the 
intensity  of  the  molecular  and  convective  types  of  mass  transfer  under  different  conditions;  G^,  G2  and  Gs  are 
geometric  criteria;  and  Ep  is  the  simplex  of  the  chemical  potentials. 

Criterial  equation  (8)  describes  within  known  limits  the  rate  of  the  mass -transfer  process  when  extraction 
(system  solid— liquid)  is  under  the  conditions  of  nonisothermal  transfer. 

Procedural  problem.  In  recent  years  there  have  appeared  in  the  periodical  literature  and  in  individual 
reports  so  many  new  similitude  criteria,  while  earlier  established  similitude  criteria  are  written  so  differently  at 
times,  that  occasionally  it  becomes  difficult  to  decipher  their  physical  meaning.  This  is  especially  true  when 
considering  the  variety  in  the  naming  of  the  similitude  criteria  (for  example,  [8,  10,  23-25]),  the  manner  in 
which  they  are  written  (for  example,  [5,  6,  26-28]),  and  the  designations  (for  example,  [28-30]), 

In  this  connection  we  will  cite  the  following  five  instances  (see  also  [31]). 

1.  Very  frequently  the  same  criterion  of  similitude  is  given  different  names. 

For  example. 


—  =  Pr  (Prandtl) 

V 

=  (Prandtl,  diffusion) 
a 

-j^  =  Le  (Lewis) 


—  =St  (Stanton) 

jy=Sc  (Schmidt) 

D 

—  =  Lu  (Lykon)  etc. 


2.  Different  investigators  write  criteria  having  the  same  name  differently. 

For  example,  ^  „  gi  ^  ^  ^  ?  —  Po  ..  k  —  Po  gl^  P  —  Po 

gl  \/gl  Fr  p  p  p 

w^lp  a  (y  — 

Ar  =  ^!it,  We=—^,  We  =  ~io,  etc. 
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when  we  say,  for  example,  that  in  a  stream  of  liquid  in  a  pipe  the  term  Re  =  50,000,  we  have  an  idea  of 
the  hydrodynamic  conditions  of  the  process:  we  will  say  that  turbulent  conditions  prevail  here,  that  the  molar 
mechanism  of  transfer  plays  a  very  important  role,  etc.  Therefore,  it  becomes  exceedingly  difficult  to  Judge  the 
character  of  a  process  when  decision  is  based  on  the  magnitude  of  a  criterion  that  is  expressed  by  different  quan¬ 
titative  relationships. 

3.  Different  investigators  make  quite  arbitrary  modification  of  the  similitude  criteria.  For  example,  to 
characterize  the  hydrodynamics  of  a  suspended  layer  they  write 


Re 


M 


=  900u 


pu'/ 

/A 


A  Wl 

Here  the  Re  criterion  is  actually  only  the  dimensionless  complex  ^ —  If  the  degree  of  diversity  e  is 
represented  as  a  dimensionless  parameter  in  relative  units  of  measurement,  then  the  term  ^  .  being  a  function 
of  the  degree  of  diversity,  can  be  regarded  as  a  parametric  criterion,  characterizing  the  hydrodynamic  specifica¬ 
tions  of  the  suspended  layer,  and  this  criterion,  if  it  has  important  value,  should  not  be  included  in  the  modified 
Rej^,  As  regards  the  constant  term  900  rr,  then  it.  like  any  constant,  does  not  limit  the  freedom  of  scalar  trans¬ 
formations  and  should  be  excluded  from  expression  Re. 


4.  Frequently  the  names  of  prominent  scientists,  of  whom  science  is  justly  proud,  are  adopted  for  com¬ 
pletely  random  groups  of  terms.  Such  was  the  case  when  investigators  "attached"  the  names  of  Mendeleev, 
Butlerov  and  other  prominent  chemists  to  such  groups  of  terms  as  had  been  derived  without  proper  theoretical 
analysis. 


5.  Extremely  different  designations  of  like  similitude  criteria  are  to  be  found  in  the  original  papers.  For 
example,  some  authors  designate  the  Reynolds  criterion  by  the  symbol  Re,  others  by  R,  and  some  frequently  by 
the  letters  Npg;  in  like  manner  the  Prandtl  criterion  is  expressed  by  the  symbols  Pr,  P  and  Np^;  the  Margulis  cri¬ 
terion  by  M  and  Nj^;  and  the  Mach  criterion  also  by  M  and  Nj^. 

It  seems  quite  obligatory  to  us  to  observe  a  uniformity  in  the  writing  of  generally  accepted  and  widely  used 
similitude  criteria.  The  assigning  of  names  to  similitude  criteria  should  be  done  in  a  strictly  established  manner. 
The  right  to  make  changes  in  the  papers  of  different  authors  should  be  reserved.  It  is  necessary  to  adhere  to  single 
standards  in  designating  the  criteria.  For  example,  we  feel  that  the  suggestion  made  by  the  German  scientist 
Grober  [32]  is  a  good  one.  According  to  Grober,  as  is  known,  similitude  criteria  are  designated  by  the  first  two 
letters  of  the  family  name  of  those  scientists  whose  investigations  bear  generally  recognized  importance  in  the 
particular  field  of  study. 


Since  the  problems  that  we  have  touched  upon  here  regarding  a  standardization  of  similitude  criteria  go 
beyond  the  scope  of  a  single  country,  it  obviously  follows  that  they  should  be  discussed  by  an  international  com¬ 
mission  of  specialists. 

At  the  present  time  the  following  should  be  Included  among  the  principal  problems  of  chemical  science: 
1)  further  theoretical  and  experimental  study  of  the  physicochemical  nature  of  different  technological  processes 
and  an  elucidation  of  their  kinetic  rules;  2)  design  of  a  theory  of  modeling,  making  it  possible  to  reliably  re¬ 
produce  processes  of  chemical  technology  on  an  industrial  scale;  3)  generalization  of  the  results  of  investigations 
for  the  purpose  of  developing  a  general  theory  for  unit  processes  of  chemical  technology  based  on  single  kinetic 
rules. 


SUMMARY 

1,  Application  of  the  theory  of  similitude  to  solving  the  boundary  problem  was  demonstrated  on  the  exam¬ 
ple  of  mass  transfer  in  extraction  (system  solid— liquid)  under  conditions  of  an  isothermal  diffusion  rate. 

2.  Application  of  the  methods  of  the  thermodynamics  of  irreversible  processes  and  of  the  similitude  theory 
to  an  analysis  of  the  kinetics  of  mass  and  heat  transfer  during  extraction  (system  solid— liquid)  was  demonstrated 
for  those  cases  where  the  gradients  of  the  chemical  potential  and  the  temperature  in  the  system  are  not  equal  to 
zero,  while  the  effect  of  other  motive  forces  can  be  neglected. 
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3.  The  problem  of  a  system  of  similitude  criteria  for  processes  of  chemical  technology  was  discussed. 
Reference  was  made  to  the  procedural  problem  associated  with  the  naming,  writing  and  designation  of  similitude 
criteria. 
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STANDARD  BINARY  SYSTEMS  FOR  DETERMINING  THE  EFFICIENCY 
OF  RECTIFICATION  COLUMNS* 

I.  N.  Bushmakin 
Leningrad  State  University 


Many  binary  systems  have  been  proposed  for  determining  the  efficiency  (number  of  plates)  of  rectification 
columns.  Such  problems  as  the  manner  in  which  these  systems  differ  in  the  sense  of  being  mote  or  less  suitable 
for  determining  the  efficiency  and  whether  they  do  or  do  not  give  the  same  efficiencies  have  not  been  considered 
in  the  literature  up  to  now. 

We  investigated  different  liquid— vapor  equilibria  and  used  this  data  to  construct  the  diagrams  of  number 
of  plates  vs.  concentration  for  the  following  five  binary  systems,  representing  some  of  the  systems  most  frequently 
used  for  determining  the  efficiency:  benzene— carbon  tetrachloride  [1,2];  methylcyclohexane— 2,  2,  4-trlmethyl- 
pentane  [3];  methylcyclohexane— n -heptane  [4];  1,  2 -dichloroethane— benzene  [5];  n -heptane— benzene  [6].  The 
present  paper  is  devoted  to  a  discussion  of  which  of  these  systems  is  best  suited  for  determining  the  efficiency. 

The  suitability  of  a  system  for  the  indicated  purpose  depends  on  the  following  factors;  the  simplicity  and 
accuracy  of  determining  the  compositions  of  both  the  liquid  in  the  still  pot  and  the  reflux  in  the  condenser;  the 
magnitude  of  the  error  in  the  number  of  determined  plates,  fixed  by  the  error  of  determining  the  concentrations 
of  the  components;  the  possibility  of  determining  high  efficiencies;  the  availability  of  the  system  components 
and  the  ease  with  which  they  are  purified. 

In  the  above-enumerated  systems  the  compositions  of  the  liquids  were  found  from  the  refractive  Indices, 
in  which  connection  the  latter  can  be  determined  either  very  simply— using  an  Abbe  refractometer  (with  an  ac¬ 
curacy  of  i  1  X  10‘^p),  or  in  a  slightly  more  complicated  manner— by  the  method  of  differential  reading  on 
a  precision  refractometer  (with  an  accuracy  of  ±  1  x  lO'^n^)  [2,  5]. 

In  Table  1  we  have  given  the  number  of  plates  that  can  be  determined  using  the  above-enumerated  systems. 
In  addition,  we  have  given  in  this  table  the  error  in  the  number  of  plates,  determined  by  the  errors  in  determining 
the  concentrations  from  the  refractive  indices. 

In  determining  the  efficiency  of  a  column  it  is  possible  for  the  concentration  of  the  low -boiling  component 
in  the  liquid  found  in  the  still  pot  to  be  very  small.  In  experiments  (both  special  and  random)  where  the  concen¬ 
tration  of  the  low -boiling  component  In  the  still  pot  was  equal  to  tenths  and  even  hundredths  of  a  mole  percent 
we  obtained  values  for  the  efficiency  that  differed  but  slightly  from  the  values  obtained  at  moderate  concentra¬ 
tions.  For  example:  the  system  benzene— carbon  tetrachloride,  at  a  concentration  of  20-6  mole  %  CCI4  In  the 
still  pot,  gave  an  efficiency  of  33.0  (±  0.6)  plates,  while  at  a  concentration  of  0.22  mole  %  CCI4  the  efficiency 
proved  to  be  31  (±  1)  plates. 

The  charge  of  liquid  in  the  still  pot  can  be  any  desired  amount,  but  it  should  be  sufficient  to  obtain  flooding 
of  the  column  at  the  start  of  experiment.  Although  quite  rare,  it  is  possible  to  find  the  statement  in  the  literature, 
supported  by  experimental  data,  that  the  efficiency  is  lower  when  the  amount  of  liquid  in  the  still  pot  is  small 
rather  than  large.  From  the  theoretical  standpoint  this  statement  is  Incorrect;  In  our  opinion,  the  reason  the 


•  Communication  XIII. 
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TABLE  1 


Number  of  Plates  and  Error  In  Number  of  Plates,  Determined  by  the  Errors  in  Determining 
the  Concentrations  from  the  Refractive  Indices  (the  error  in  reading  the  refractive  indices 
is  taken  equal  to  ±  1  x  10' 


V“) 
"d  ' 


Benzene -carbon 
tetrachloride 

Methylcvclo- 

licxane -2,2,4 - 
rimethylpentanr 

Methylcyclo- 

lexane-n- 

iieptane 

1,2-Dichlo- 

roethane- 

benzene 

n -Heptane - 
benzene 

No.  of 
plates 

o 

a  *-■ 

-  lU 

wX)  S 

§  15 

<U  C  Q. 

^  .A 

o  ot 

Z  a. 

O 

2  0 

S  c'q. 

No.  of 
plates 

error 

in  number 
of  plates 

°  £ 

O  ‘^1 

z  '3, 

O 

C  M 

a  Is 

(U  ca 

No.  of 
plates 

o 

•S  5  „ 

«-i'2  w 

o  E  a 

a  3.2 
(U  3  O, 

O.Ui 

0 

0 

0 

0 

0 

0.1 

12 

1.4 

32 

32 

4 

19 

1.5 

3.2 

0.2 

1 

25 

1.5 

65 

3.5 

65 

3.3 

37 

1.6 

6.5 

0.2 

.3 

31.2 

0.5 

80.7 

1.4 

80.4 

1.3 

46.4 

0.6 

8.0 

0.1 

5 

34.1 

0.3 

88.3 

0.8 

87.8 

0.8 

51.0 

0.3 

8.7 

0.04 

8 

37.0 

0.2 

95.6 

0.6 

94.9 

0.5 

55.1 

0.2 

9.3 

0.04 

9 

37.8 

0.2 

97.5 

0.5 

9().8 

0.5 

56.2 

0.2 

9.6 

0.04 

10 

38.5 

0.2 

9‘l.4 

0.5 

i»8.4 

0.4 

57.3 

0.2 

9.8 

0.03 

15 

41.3 

0.2 

106.4 

0.4 

104.9 

0.3 

61.5 

0.2 

10.4 

0.02 

20 

43.5 

0.1 

111.8 

0.3 

109.9 

0.2 

64.8 

0.1 

10.9 

0.01 

30 

47.4 

0.1 

120.8 

0.2 

117.6 

0.2 

70.2 

0.1 

11.7 

0.0 1 

40 

51.0 

0.1 

128.9 

0.2 

124.0 

0.2 

75.1 

0.1 

12.4 

0.01 

50 

54.8 

0.1 

136.9 

0.3 

129.9 

0.2 

80.0 

0.1 

13.0 

0.01 

60 

59.4 

0.1 

14.5.9 

0.3 

135.9 

0.2 

85.4 

0.1 

13.9 

0.01 

65 

62.3 

0.2 

151.1 

0.4 

139.1 

0.2 

88.3 

0.1 

14.3 

0.01 

70 

65.9 

0.2 

1.56.8 

0.5 

142.5 

0.2 

91.6 

0.1 

14.8 

0.01 

75 

70.6 

0.3 

163.6 

0.6 

146.3 

0.2 

95.2 

0.1 

15.4 

0.01 

80 

77.0 

0.4 

172.2 

0.7 

150.6 

0.3 

99.3 

0.2 

16.3 

0.01 

85 

86.8 

0.6 

182.7 

1.0 

1. 5.5.9 

0.4 

104.6 

0.2 

17.3 

0.02 

90 

10.5.4 

1.3 

198.5 

1.5 

162.9 

0.5 

111.1 

0.2 

19.3 

0.04 

92 

1 19.0 

2.1 

207.2 

2.0 

166.7 

0.7 

114.6 

0.3 

20.6 

0.04 

94 

141 

4 

218.6 

2.7 

171.4 

0.9 

119.1 

0.4 

22.5 

0.06 

95 

1.58 

5 

225.9 

3 

174.4 

1.0 

121.8 

0.5 

23.8 

0.08 

96 

184 

8 

234.9 

4 

178.0 

1.3 

125.0 

0.6 

25.6 

0.11 

97 

227 

14 

247 

5 

182.6 

1.7 

128.8 

0.7 

28.3 

0.16 

98 

312 

30 

263 

8 

188.9 

2.7 

134.2 

1.1 

32 

0.3 

99 

.562 

133 

292 

16 

199.8 

5 

142.4 

1.8 

41 

0.9 

99.9 

~4950* 

389 

17 

235 

5 

166 

1.5 

75 

9 

99.99 

486 

271 

187** 

113 

Remarks.  More  detailed  data  on  the  number  of  plates  for  the  systems  enumerated  in  the  table,  and  also 
the  data  on  determining  the  concentrations  using  an  Abbe  refractometer,  are  given  in  [2-6]. 

The  figures  given  in  the  table  for  the  error  in  the  number  of  plates  decrease  10-fold  when  the  method  of 
differential  reading  on  a  precision  refractometer  is  used  to  determine  the  concentrations. 

The  errors,  distinguished  by  underlining,  were  obtained  using  the  method  of  differential  reading  to  deter¬ 
mine  the  concentrations  (the  only  method  possible  for  the  indicated  concentrations). 


•The  data  for  constructing  the  diagrams  of  number  of  plates  vs.  concentration,  given  In  communication  II  [2]  for 
the  system  benzene— carbon  tetrachloride,  are  expanded  in  Table  1  from  3  to  0.01  and  from  99.0  to  99.9  mole  °Jo. 

As  can  be  seen  from  the  table,  an  enormous  number  of  plates  piles  up  in  the  interval  99.0-99.9  mole  ‘7o;to  obtain 
an  accurate  value  requires  employing  an  extremely  laborious  and  detailed  calculation  method.  We  only  wanted 
to  show  how  sharply  the  number  of  plates  increases  in  this  interval,  and  consequently  employed  the  usual  calcula¬ 
tion  method,  which  in  this  case  gives  only  approximate  results. 

•  ‘In  exactly  the  same  manner  as  for  the  benzene— carbon  tetrachloride  system,  we  expanded  the  data  when  com¬ 
pared  with  that  given  in  communication  V  [5],  on  the  number  of  plates  for  the  system  dichloroethane— benzene. 

In  this  system  we  have  our  last  experimental  value  of  a  (relative  volatility)  at  99. ft  mole  The  extrapolation 
of  a  from  99. ft  to  99.99  mole  %  cannot  be  made  with  a  high  degree  of  certainty,  and  consequently  the  number  of 
plates  at  99.99%  is  indicated  only  approximately. 
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investigators  were  able  to  obtain  experimental  evidence 
in  support  of  their  statement  was  because  they  were  un¬ 
able  to  carry  out  the  necessary  flooding  of  the  column 
with  a  small  amount  of  liquid.  In  order  to  eliminate  any 
doubt  on  this  score,  we  determined  the  efficiency  using 
different  amounts  of  liquid  in  the  still  pot.  The  results 
are  summarized  in  Table  2. 

The  experiments  with  140  and  40  ml  of  liquid  in 
the  still  pot  were  run  as  follows;  200  ml  of  the  solution 
was  poured  into  the  still  pot  and  the  column  was  subjected 
to  "cold"  flooding  [7],  followed  by  operating  it  at  the 
desired  reflux  intensity,  after  which  a  given  amount  of 
liquid  was  carefully  removed  from  the  still  pot;  then  the 
column  (operating  under  total  reflux)  was  held  until 
equilibrium  was  established,  and  its  efficiency  deter¬ 
mined.  The  holdup  in  the  column  when  operating  at 
the  reflux  intensity  used  by  us  was  20  ml.  In  Table  2  we  have  given  the  amount  of  liquid  present  in  the  still  pot 
at  the  time  of  removing  the  sample,  i.e.,  200  ml,  the  amount  removed,  representing  discard  and  samples  from 
the  condenser  (10  ml),  and  the  holdup  (20  ml). 

As  a  result,  in  determining  the  efficiency  it  is  possible  to  operate  with  a  small  amount  of  liquid,  contain¬ 
ing  a  very  low  concentration  of  the  low-boiling  component.  However,  this  is  inconvenient  in  practice.  It  is 
more  convenient  to  take  a  moderate  amount  of  liquid  with  a  concentration  such  that  when  the  column  is  in 
equilibrium  the  concentration  of  the  low -boiling  component  in  the  still  pot  is  of  the  order  of  8  mole  ‘/o.  Under 
such  conditions  the  composition  of  the  reflux  hardly  changes  as  samples  are  removed  from  the  condenser.  For  a 
column  holdup  up  to  40  ml  we  charged  200  ml*  of  liquid  into  the  still  pot. 

Table  1  gives  a  general  picture  of  the  number  of  plates  needed  to  effect  a  nearly  complete  separation  of 
the  components  of  the  discussed  systems,  and  it  also  gives  a  general  picture  of  the  distribution  of  the  number  of 
plates  according  to  the  concentration  and  of  the  magnitude  of  the  errors  incurred  in  determining  the  number  of 
plates.  In  Table  3,  compiled  from  the  data  in  Table  1,  we  have  shown  the  efficiencies  and  the  accuracy  that 
derive  when  the  liquid  in  the  still  pot  contains  8  mole  of  the  low -boiling  component.  In  determining  the  ef¬ 
ficiency  we  have  two  sources  of  error  in  determining  the  concentration— that  of  the  still  pot  liquor  and  of  the 
reflux  from  the  condenser.  For  this  reason  we  have  given  two  values  for  the  error  in  Table  3. 

Table  3  shows  that  the  system  n -heptane— benzene  can  be  used  to  determine  only  low  efficiencies.  In 
addition,  it  is  inconvenient  to  use  this  system  for  the  reason  that  when  operating  with  it  in  a  column,  insulated 
not  by  a  vacuum  jacket,  but  by  the  conventional  externally  heated  jacket,  there  is  much  internal  refluxing  In 
the  column.  With  a  high  column  throughput  this  internal  refluxing  is  completely  without  effect  on  the  efficiency. 
However,  if  the  column  taken  for  operation  has  a  low  throughput,  then  internal  refluxing  begins  to  exert  an  effect. 
With  a  low  throughput  the  column  operates  erratically  and  the  reflux  rate  fluctuates;  this  may  impair  the  efficiency 
somewhat,  and  with  an  even  lower  throughput  the  column  may  show  either  local  flooding  or  a  local  Kafarov  effect 
(optimum  hydrodynamic  conditions  [8,  9]),  which  causes  the  efficiency  to  either  decrease  or  increase. 

From  Table  3  it  also  follows  that  up  to  80  plates  the  systems  benzene— carbon  tetrachloride,  methylcyclo- 
hexane— 2,  2,  4-trImethylpentane,  methylcyclohexane— n-heptane  and  dichloroethane— benzene  give  the  efficiency 
with  nearly  the  same  degree  of  accuracy  (1.9  at  80  plates).  Above  80  plates,  using  the  Abbe  refractometer 

(±  1  X  I0“*np),  only  the  methylcyclohexane— 2,  2,  4-trimethylpentane  system  can  be  used  to  determine  the  ef¬ 
ficiency;  for  the  other  systems  the  error  In  determining  the  efficiency  increases  sharply  as  the  value  of  the  efficien¬ 
cy  increases  in  the  interval  0-80  plates.  If  the  method  of  differential  reading  on  a  precision  refractometer 


TABLE  2 

Relation  Between  Amount  of  Liquid  in  Still  Pot  and 
Column  Efficiency. System  Benzene— Carbon  Tetra¬ 
chloride 


Amount  of  liquid  in 
still  pot  (in  ml) 

Number  of  plates 

370 

40.4 

170 

40.7 

140 

40.0 

40 

40.6 

*  It  should  be  mentioned  that  the  components  of  the  systems  listed  in  Table  1  are  extremely  stable  to  boiling. 
As  a  result  of  this  it  is  possible  to  operate  with  the  same  solution  daily  for  a  month,  making  occasional  correc¬ 
tion  for  amount  and  composition. 
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TABLE  3 


Concentration  Intervals,  Number  of  Plates  Corresponding  to  Them,  and  Error  in  Number  of 
Plates,  Fixed  by  the  Errors  in  Determining  the  Concentrations  from  the  Refractive  Indices 
[the  errors  in  reading  the  refractive  indices  were  taken  equal  to  ±  1  x  10  and 
±  1  X  10‘®n^  (underlined  figures)] 


Concen¬ 

tration 

Benzene - 
carbon  tetra¬ 
chloride 

vlethylcyclohex- 
ane-2, 2, 4-tri¬ 
methylpentane 

Methylcyclo- 

lexane-n- 

leptane 

l,2-T)ichlo- 

roethane- 

benzene 

n -Heptane - 
benzene 

(in  mole 
I0) 

0  s 

Q  nJ 

Z  'cL 

1-.O  « 

2E 

S  n  *0 

0  (y 

"a. 

r-  u  U 

-  -S 

2  6*=^ 

1-4  u-i 

(U  c  0 

««-i  ^ 

0 

0  ^ 

Z  0. 

(/> 

c  ^  S 
•5  «  tS 

2  E 

1.4  ” 

M  3  U-. 

<U  c  0 

CO 

0  ^ 
d  ^ 

^  dt 

I 

°  2 

Q  rt 

Z  o. 

c  " 

0  E  a. 

iS  B  0 

8-60 

22 

0.2, 0.1 

50 

0.6, 0.3 

41 

0.5. 0.2 

30 

0.2, 0.1 

5 

0.04, 0.01 

8-70 

27 

0.2 

61 

0.5 

48 

0.2 

37 

O.l 

6 

0.0 1 

8—80 

40 

0.4 

77 

0.7 

56 

0.3 

44 

0.2 

7 

0.01 

8—8.5 

50 

0.6 

87 

1.0 

61 

0.4 

50 

0.2 

8 

0.02 

8-90 

68 

1.3 

103 

1.5 

68 

0.5 

56 

0.2 

10 

0.04 

8—92 

82 

2.1 

112 

2.0 

72 

0.7 

60 

0.3 

11 

0.04 

8-94 

104 

4.0 

123 

2.7 

77 

0.9 

64 

0.4 

13 

0.06 

8-95 

121 

5 

130 

3 

80 

1.0 

67 

0.5 

15 

0.08 

8—96 

147 

8 

139 

4 

83 

1.3 

70 

0.6 

16 

0.11 

8—97 

190 

14 

151 

5 

88 

1.7 

74 

0.7 

19 

0.16 

8—98 

275 

30 

167 

8 

94 

2.7 

79 

1.1 

23 

0.3 

8—99 

525 

133 

196 

16 

105 

5 

87 

1.8 

32 

0.9 

8—99.9 

293 

17 

140 

f) 

111 

1.5 

66 

9 

(±  1  X  lO’^iip)  is  used  to  determine  the  concentrations,  then  in  the  interval  of  80-200  plates  it  is  possible  to 
determine  the  efficiency  using  two  systems:  methylcyclohocane— 2  2,  4-trimethylpentane  and  benzene— carbon 
tetrachloride  •  Above  200  plates  the  system  benzene— carbon  tetrachloride  must  be  used  to  determine  the  ef¬ 
ficiency  In  Table  4  we  have  given  the  highest  efficiencies  that  can  be  determined,  using  the  precision  refrac- 
tometer,  with  the  aid  of  the  discussed  systems  and  the  corresponding  errors  in  the  efficiencies,  expressed  in  per 
cent  of  the  determined  number  of  plates. 

As  a  result,  when  compared  with  the  other  systems,  the  systems  methylcyclohexane— 2,  2,  4-trimethylpentane 
and  benzene— carbon  tetrachloride  prove  to  be  more  universal  in  the  sense  that  using  them  makes  it  possible  to  de¬ 
termine  both  small  and  very  high  efficiencies.  The  amount  of  time  and  labor  consumed  in  purifying  the  compo¬ 
nents  is  nearly  the  same  for  all  of  the  discussed  systems.  Methylcyclohexane,  2,  2,  4-trimethylpentane  and  n- 
heptane  are  difficultly  available  compounds.  For  this  reason  we  usually  used  the  system  benzene— carbon  tetra¬ 
chloride  to  determine  the  efficiencies;  in  this  connection  we  used  an  Abbe  refractometer  to  determine  the  con¬ 
centrations  when  the  composition  of  the  liquid  in  the  condenser  was  below  8S  mole  <7o  CCI4,  and  the  technique 
of  differential  recording  on  the  drum  of  a  Pulfrich  refractometer  when  the  concentration  was  above  this  value. 

Up  to  now  the  system  methylcyclohexane— n-heptane  is  used  in  those  cases  where  it  is  desired  to  obtain  the 
most  accurate  and  reliable  values  for  the  efficiency,  i.e.,  up  to  now  preference  has  been  given  to  this  system  over 
all  other  systems  proposed  for  determining  the  efficiency.  This  is  due  to  the  simplicity  and  accuracy  with  which 
the  number  of  plates  using  the  system  methylcyclohexane— n-heptane  is  calculated.  The  reason  for  this  is  that 
this  system,  according  to  the  experimental  data  of  Calingaert  and  Beatty,  behaves  almost  like  an  ideal  system 
[10].  For  an  ideal  system  the  slope  of  the  line  a  =  f  ( x),  where  a  is  the  relative  volatility  and  x  is  the  concen¬ 
tration  of  the  low -boiling  component  in  the  liquid,  is  so  small  that  the  number  of  plates  can  be  accurately  cal¬ 
culated  from  the  average  value  of  a  even  for  very  large  concentration  intervals,  for  example  0.01-99.99  mole  «/p. 

As  soon  as  accurate  data  for  constructing  the  diagrams  of  number  of  plates  vs.  concentration  appeared  for  the 


•The  method  of  differential  reading  is  more  complicated  than  using  the  Abbe  refractometer  to  determine  the 
concentrations  for  the  reason  that  it  requires  larger  volumes  of  the  liquid  samples  (1.5-3  ml),  necessitates  main¬ 
taining  a  more  constant  temperature  (i  0.02°)  for  the  water  entering  the  sleeve  of  the  refractometer,  and  con¬ 
sumes  more  time  (to  establish  the  desired  temperature  the  investigated  liquid  must  be  kept  in  the  cuvette  for  at 
least  4  minutes). 


2719 


TABLE  4 

Highest  Efficiencies  that  Can  Be  Determined  Using  the  Precision  Refractometer 
(i  1  X  lO-'n”) 


System 

Number  of  plates 

Errors  in  determining  the 
number  of  plates  (in  %) 

n  -  Heptane — ben  zene 

66 

1.4 

1,  2 -Dlchloroe thane— benzene 

110 

1.5 

Methylcyclohexane— n-  ( 

100 

1.0 

heptane  \ 

140 

4.0 

Methylcyclohexane— 2,  2,4-< 

200 

1.1 

trimethylpentane  ' 

290 

6.0 

Benzene—  ( 

200 

0.8 

carbon  tetra-  < 

300 

1.3 

chloride  \ 

500  •• 

2.5 

•The  total  errors  (still  pot,  condenser)  are  indicated  here,  in  which  connection  an 
Abbe  refractometer  was  used  to  determine  the  composition  of  the  liquid  in  the  still 
pot  (8  mole  <70),  while  die  precision  refractometer  was  used  to  determine  the  composi¬ 
tion  of  the  reflux  from  the  condenser. 

•  •That  it  is  possible  to  determine  such  a  large  number  of  plates,  even  if  indirectly, 
was  shown  by  us  experimentally  [2]. 

discussed  systems,  this  advantage  of  the  system  methylcyclohexane— n-heptane  disappeared.  In  other  respects  this 
system,  as  can  be  seen  from  Tables  1,  3  and  4,  is  in  no  way  better  than  the  other  systems  and  is  even  inferior  to 
some  of  them. 

The  results  of  comparing  the  efficiencies  of  the  same  column,  determined  using  different  systems,  are  de¬ 
scribed  in  a  previous  communication  [11].  It  proved  that  the  relationships  between  the  efficiencies,  determined 
using  any  two  binary  systems,  at  a  constant  reflux  intensity,  are  independent  of  both  the  reflux  intensity  and  the 
type  of  packing,  and  as  follows  from  all  of  our  studies,  the  efficiency  is  also  independent  of  the  solution  concen¬ 
tration.  The  efficiencies,  determined  using  the  systems  benzene— carbon  tetrachloride,  methylcyclohexane— 2,- 

TABLE  5 

Coefficient  6  =  _ efficiency  based  on  given  system _ 

efficiency  based  on  system  benzene— carbon  tetrachloride 

The  Efficiencies  are  Determined  at  Constant  Reflux  Intensities  (in  ml/  minute  per  sq  cm 
of  column  cross-section) 


System 

6 

Benzene— carbon  tetrachloride 

1.00 

Methylcyclohexane— 2,  2,  4-trimethylpentane 

0.98 

Methylcyclohexane — n  -heptane 

1.07 

1 , 2  -Dichloroetha  ne — benzene 

1.18 

n  -Heptane — benzene 

0.76 
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2,  4-trimethylpentane,  methanol— acetone  and  acetic  acid— ethyl  acetate,  are  all  the  same;  the  efficiencies, 
using  the  systems  methylcyclohexane—n -heptane  and  dichloroethane— benzene,  are  higher,  while  those  obtained 
using  the  system  n -heptane— benzene  are  lower,  than  the  efficiencies  obtained  using  the  first  group  of  systems. 

Considering  that  the  systems  methylcyclohexane— 2,  2,  4-trimethylpentane  and  benzene— carbon  tetra¬ 
chloride  can  be  used  to  determine  both  small  and  very  high  efficiencies,  that  the  efficiencies  determined  with 
their  aid  are  the  same  and  coincide  with  the  efficiencies  of  some  other  systems,  and  finally  that  using  these  sys¬ 
tems  we  obtain  values  for  the  efficiency  that  lie  between  those  obtained  using  the  systems  dichloroethane— ben¬ 
zene,  methylcyclohexane— n -heptane  and  n -heptane— benzene,  we  propose  selecting  the  systems  methylcyclo¬ 
hexane— 2,  2,  4-trimethylpentane  and  benzene— carbon  tetrachloride  as  standards. 

Up  to  80  plates,  any  of  the  systems  listed  in  Table  1  (except  n -heptane— benzene)  can  be  used  to  determine 
the  efficiency,  but  after  this  the  obtained  efficiency  must  be  converted  to  the  standard,  which  is  achieved  by  divid¬ 
ing  the  obtained  efficiency  by  the  coefficient  5  . 

The  values  of  the  s  coefficients  for  the  systems  discussed  in  the  present  paper  are  given  in  Table  5. 

SUMMARY 

A  comparison  was  made  of  the  suitability  of  the  following  systems  for  determining  the  efficiencies  of 
rectification  columns:  benzene— carbon  tetrachloride,  methylcyclohexane— 2,  2,  4-trimethylpentane,  methyl¬ 
cyclohexane— n -heptane,  1,  2-dichloroethane— benzene,  and  n -heptane— benzene. 

It  was  shown  that  in  general  the  system  n-heptane— benzene  is  not  suitable  for  the  indicated  purpose)  up 
to  approximately  80  plates,  the  number  of  plates  can  be  determined  with  nearly  the  same  degree  of  accuracy 
using  any  of  the  other  4  systems;  above  80  plates,  using  the  Abbe  refractometer  (±  1  x  10"*njj),  only  the  system 
methylcyclohexane— 2,  2,  4-trimethylpentane  can  be  used  to  determine  the  efficiency;  if  the  method  of  differ¬ 
ential  reading  on  a  precision  refractometer  (±  1  x  10 "^n^)  is  used  to  determine  the  concentrations,  then  in  the 
Interval  from  80  to  200  plates  both  the  methylcyclohexane— 2,  2,  4-trimethylpentane  and  the  benzene— carbon 
tetrachloride  systems  can  be  used  to  determine  the  efficiency;  above  200  plates  the  efficiency  should  be  deter¬ 
mined  using  the  benzene— carbon  tetrachloride  system. 

It  was  proposed  to  select  the  systems  methylcyclohexane— 2,  2,  4-trimethylpentane  and  benzene— carbon 
tetrachloride  as  standards. 

Up  to  80  plates  the  efficiency  can  be  determined  using  any  of  the  above-enumerated  systems,  and  then  it 
must  be  converted  to  the  standard.  A  table  of  coefficients  for  making  such  conversion  is  given. 
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STUDY  OF  SOLUBILITY  IN  SYSTEM  NaF  -  NaCl-NajCOj-HjO  AT  2S  AND  50 


G.  A.  Lopatklna 


Solutions  containing  sodium  fluoride,  sodium  chloride  and  sodium  carbonate  will  be  obtained  when  sodiun’ 
fluoride  is  prepared  by  the  decomposition  of  sodium  fluosilicate  with  sodium  carbonate.  Since  a  cyclic  process 
is  rational  for  the  preparation  of  sodium  fluoride,  then  to  design  such  it  is  necessary  to  know  the  solubility  in  the 
quaternary  system  NaF— NaC'l— Na2C03— H2O.  Preliminary  calculations  revealed  that  it  is  necessary  to  know,  at 
the  least,  the  equilibria  existing  in  this  system  at  25  and  50*. 

The  quaternary  system,  composing  the  recycled  mother  liquor,  contains  three  ternary  systems:  NaF— Na2Cpj— 
-H2O.  NaF-NaCl-H20,  and  NaCl-Na2C03-H20. 

Only  for  the  last  two  systems  is  there  copious  data  in  the  literature  [1].  The  results  obtained  in  investigating 
the  second  system  at  25*  are  contradictory.  Thus,  for  example,  Foote  [2]  found  0.31%  sodium  fluoride  and  26.12% 
sodium  chloride  at  the  eutectic  point,  while  Campbell  [3]  found  1.06  and  26.6%,  respectively.  The  first  system 
has  not  been  studied. 


EX  PERIMENTAL 

The  isothermal  method  was  used  to  study  the  solubility.  The  salt  mixtures  were  placed  in  plexiglas  flasks, 
which  were  stoppered  with  plexiglas  stoppers.  Then,  to  ensure  a  tight  seal,  rubber  caps  were  drawn  over  the  stop¬ 
pers.  This  was  followed  by  placing  the  flasks  in  a  thermostat,  where  a  mercury -toluene  thermoregulator  automatic¬ 
ally  kept  the  water  temperature  constant  with  an  accuracy  of  ±  0.1". 

Sodium  fluoride  was  prepared  by  mixing  solutions  of  ammonium  fluoride  and  sodium  carbonate,  followed 
by  drying  the  precipitate  at  100"  and  Ignition  at  around  700*.  Ammonium  fluoride  was  obtained  by  saturating 
c.p.  hydrofluoric  acid  with  gaseous  ammonia.  The  sodium  fluoride  analyzed  99.96%  pure.  Sodium  carbonate 
decahydrate  was  prepared  by  the  crystallization  of  c.p.  sodium  carbonate  from  water  solution.  The  sodium 
chloride  used  was  c.p.  grade. 

Since  equilibrium  is  reached  very  slowly  when  sodium  fluoride  is  dissolved,  the  prepared  mixtures  were 
kept  in  the  flasks  for  1.5  to  2  months  at  room  temperature  with  periodic  mixing.  After  this  they  were  placed  in 
the  thermostat  for  a  day  at  25".  The  time  required  to  reach  equilibrium  at  50",  without  prior  standing,  was  5  days. 
For  systems  not  containing  solid  sodium  fluoride,  the  calculated  amount  of  saturated  sodium  fluoride  solution  was 
added  to  the  mixture.  For  the  eutectic  points,  equilibrium  was  also  reached  from  the  supersaturation  side.  In  this 
case  we  used  3.7%  sodium  fluoride  solution,  i.e.,  supersaturated  with  respect  to  the  composition  of  the  solution  at 
the  eutectic  point,  and  crystalline  sodium  chloride  and  sodium  carbonate  decahydrate  (or  the  anhydrous  form  for 
the  mixtures  at  50")  in  making  up  the  mixtures.  Supersaturation  with  the  last  two  components  was  rapidly  reached 
by  keeping  the  mixtures  at  an  elevated  temperature.  The  amount  of  salts  was  taken  such  that  the  solid  phase  did 
not  disappear  on  heating,  since  otherwise  supersaturated  solutions  are  obtained.  The  agreement  of  the  results, 
obtained  using  the  two  different  ways  of  reaching  equilibrium,  served  as  evidence  that  the  system  was  truly  In 
equilibrium. 

A  stainless  steel  siphon  was  used  to  take  the  samples  through  a  dense  cotton  plug.  A  heating  mantle  was 
drawn  over  the  siphon  when  operating  at  50".  The  density  of  some  of  the  solutions  was  determined  using  a 
pycnometer  with  ground-glass  connections.  The  saturated  solutions  and  wet  residues  were  analyzed  as  follows. 
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Fig.  1.  Isotherm  of  system  NaF— Na2C03— HjO  at  25*. 


Chloride  ion  was  determined  by  Volhard  titration  [4]  with  standard  silver  nitrate  solution.  The  amount  of  carbon¬ 
ate  was  determined  by  neutralization  with  standard  sulfuric  acid  solution.  After  removal  of  the  C02by  boiling,  the 
excess  sulfuric  acid  was  titrated  with  standard  caustic  solution  using  phenolphthalein.  Fluoride  in  the  solutions  was 
determined  as  lead  chloride  fluoride  by  the  Kapfenberger  method  [5].  The  method  was  checked  on  synthetic  mix - 
tures  and  gave  a  relative  error  of  1-3%  when  the  sodium  fluoride  concentration  was  above  0.1%.  To  verify  the 
validity  of  the  analyses,  we  took  a  number  of  solutions  and  determined  the  amount  of  sodium  by  conversion  of  the 
chlorides,  fluorides  and  carbonates  to  sulfates.  The  amount  of  fluoride  in  the  wet  residues  was  not  determined 
directly,  but  instead  it  was  calculated  by  difference  after  determining  the  amount  of  sodium  as  sulfate,  and  also 
the  amount  of  chloride  and  carbonate  by  the  indicated  methods. 


Fig.  2.  Isotherm  of  system  NaF— Na2CC)3— H2O  at  50*. 


TABLE  1 


Solubility  in  System  NaF— Na2C03— H2O  • 


ints 

Composition  of  saturated 
solution  (in  wt.  %) 

Compc 
of  resi< 
(in  wt. 

»sition 

%) 

d 

NaF 

NasCO, 

total 

salts 

HiO 

NaF 

Na,COj 

Temperature 

25® 

^25 

A 

3.77 

0 

3.77 

96.23 

75.61 

0 

3.45 

0.86 

4.31 

95.69 

54.40 

0.65 

2.78 

3.52 

6.30 

93.70 

70.79 

1.39 

2.17 

6.55 

8.72 

91.28 

55.73 

3.26 

1.92 

9.09 

11.01 

88.99 

69.06 

3.09 

1.35 

11.87 

13.22 

86.78 

60.95 

4.78 

1.1406 

1.38 

14.91 

16.29 

83.71 

75.54 

4.04 

1.1736 

1.33 

17.39 

18.72 

81.28 

69.35 

5.61 

1.04 

19.97 

21.01 

78.99 

56.70 

9.27 

B 

1.04 

21.83 

22.87 

77.13 

38.71 

20.17 

1.2483 

0.52 

22.22 

22.74 

77.26 

0.36 

35.40 

0.25 

22.43 

22.68 

77.32 

0.02 

35.33 

C 

0 

22.51 

22.51 

77.49 

0 

35.34 

Solid  phases 


NaF 


NaF  +  Na«CO.  •  lOHtO 
Na,CO,  •  10H,O 


Temperature  50®, 


K 

3.97 

0 

3.97 

96.03 

72.51 

0 

1.0307 

2.76 

4.95 

7.71 

92.29 

68.82 

1.52 

1.0691 

2.05 

9.71 

11.76 

88.24 

72.20 

3.25 

1.1098 

1.48 

14.61 

16.09 

83.91 

72.30 

4.30 

1.1606 

NaF 

1.02 

19.23 

20.25 

79.75 

70.57 

6.32 

_ 

0.79 

24.63 

25.42 

74.58 

67.60 

8.17 

1.2619 

0.80 

29.34 

30.14 

69.80 

67.30 

10.65 

1.3207 

M 

0.62 

31.42 

32.04 

67.96 

42.07 

35.18 

1.3417 

NaF  +  Na^O,  •  U.0 

0.13 

32.05 

32.18 

67.82 

Trace 

'  77.58 

— 

T 

0 

32.15 

32.15 

67.85 

0 

83.46 

— 

1  NajCO,  •  H.O 

•Laboratory  technician  M.  A,  Groznykh  performed  the 


analyses. 


TABLE  2 

Solubility  in  System  NaF-NaCl— H2O  at  50* 


Point: 

Composition  of  saturated  solution 
(in  wrt.  <Vo) 

Composition  of 
residue  (in  wt. 

.50 

Solid  phases 

NaF 

NaCl 

total 

salts 

H,0 

NaF 

NaCl 

R 

3.97 

1 

0  i 

3.97 

96.03 

72.51 

0 

3.07 

2.59  1 

5.66 

94.34 

73.24 

0.21 

_ 

1.71 

8.84  ! 

10.55 

89.45 

79.54 

1.30 

— 

0.84 

16.65  ! 

17.49 

82.51 

82.57 

2.91 

1.1142 

NaF 

0.62 

20.33 

20.95 

79.05 

79.40 

4.12 

1.1426 

0.53 

;  26.04 

26.57 

73.43 

77.60 

5.35 

1.8410 

L 

0.39 

26.54 

26.93 

73.07 

20.10 

70.34 

1.1888 

NaF+NaCl 

0.27 

26.55 

26.82 

79.18 

Traces 

93.1 

1 

0.18 

26.68 

26.86 

73.14 

» 

94.8 

_ 

1  NaCl 

F 

0 

26.72 

26.72 

73.28 

0 

94.85 

1.1908 

1 
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Solubility  in  System  NaF—NaCl— NajCOj— H2O 


o 

X 

o  2 

a  *. 

r'  O  O 

O  t-  " 

o  .  » 
«  "  + 
700 
■'■5  a 

5  +  V 
7  fa  o 
+  5  Wl 

fa  " 


2 


o 

o 

ca 

X 

+ 

fa 

cd 

a 


O 

a 

o 

u 

c« 

X 

+ 

fa 

es 

a 

+ 

O 

a 

X 


CO lO  po  p- CO 

••03i0Qsrc~  05 sr •«-< 

05  CM  in  05  000  00 

•»-•  CM  CM  CM  CM  CO  CO  CO  COCO 


CO  CO  CO  10 

SCO  00 
cr:  CO 

CM  CM  CM  CM 


CMincOCM  CO  00  ^C005sf  '»CO 
CO  CO  05  05  in  CO  •*-;cocmoo  coo 
O'd't^oood  CM  00  COCOCOiri  coco 
■»-<CMcos}*  in  in  CO  cococot-*  mi/o 


S! 


*5^0 

05  m  in 

*->><-■  05  CO 

CD 

m 

CO 

cq 

*5  CO 

cq  cq  C-; 

c»  0  cq  cq 

is 

cd  CD 

in  iri  in  *.< 

CD  CD 

V 

'3*  CO 

CO  CO  CO  CM 

3 

SB 

C35MfQ05eM  OCMt^  OOCOCMCO  CM 

Mf  CO  o  t~  r*;  00  00  o  CO  CO  in  cm 
*-5 -ri C5 c5  c5oo  •.^t^*^cm  oc:5 


V 
(X 

E 

V 

H 


000  o 


cot^cMinm  o  *-•  00  CO  CM  00  *H  *-t*^ 
evj  CD  •** -m;  05  CO  in  05  inosint-*  cmcm 


oocM m  o 
CJ5  I*;  in  o 
C5  00  06 

t^  t~  CO  CO 


r*COGOlOiiO  005CM  'O'OOCMOS  0505 

t*;  CO  00  in  O  t*;  *0;  O  MT  O 'T  CM  C- t^ 

CO  06  05  O  CM  CM  *-l  *-5  o  C5  05  in  CMCM 

CMCMCMCOCO  COCOCO  CO  CO  CM  CM  COCO 


t^t'-—i00  QCO'O'  —mCMOO  05  0 
*-«•**  oq  CO  CO  O  CM  CO  *-J 

0'M*o6*-*in  t-^ cx3 05  05050005  t-^r-^ 


05  00  in  t- 

05  r-^  in  >a| 

CM  CO  CO 


cq  *»  in  *-<  *-«  oq  f*  O5in'g-'0'  coco 
cDco*^o6cd  incM**  cdooiri  inin 

CMCMCM*-i*-i  *1*^ 


O00O*^cq  COCOt^  COCOS'^  t^ 

vfcqcqCMCM  CMCMCM  CO  CO  CO  O 

OCOOCDO  OOC>  COOCDCS  O  C> 


000  O 


a:  cy 


2725 


0.32  8.85  22.67  31.84  68.16  1.00  27.80  71.20  1.3043  \ 

0.33  6.04  24.98  31.35  68.65  1.06  19.26  79.68  1.3115  NaF  +  Na,C0,  • 

0.33  2.42  28.60  31.35  68.65  1.06  7.72  91.23  1.3326  j 

0  18.37  13.63  32.0  68.00  0  57.41  42.59  1.2808  NaCl  +  Na,C0,. 


Fig.  4.  Isotherms  of  system  NaF— NaCl— NajCOs— H2O  at  50"  and  25*. 

The  composition  of  the  solid  phases  was  determined  using  the  Schreinemakers  method  [6],  and  also  from 
the  refractive  indices  of  the  crystals,  determined  using  a  polarization  microscope.  The  latter  values  prove  to  be 
especially  important  for  these  cases  where  the  deca-  and  heptahydrates  of  sodium  carbonate  crystallize  jointly. 

DISCUSSION  OF  RESULTS 

The  results  of  studying  the  equilibria  existing  in  the  ternary  system  sodium  fluoride— sodium  carbonate  — 
—water  at  25  and  50"  are  given  in  Table  1.  The  isotherms  constructed  from  these  data  (Figs.  1  and  2)  each  have 
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two  branches  corresponding  to  the  solid  phases:  Na2C03  •  IOH2O  and  NaF  at  25*.  and  Na^COs*  H2O  and  NaF  at  SO*, 
found  in  equilibrium  with  saturated  solutions.  As  the  temperature  is  Increased,  the  amount  of  sodium  fluoride  at 
the  eutectic  point  decreases  from  1.04%  at  25*  to  0.62%  at  50*. 

The  data  for  the  system  sodium  chloride -sodium  fluoride -water  at  50*  (Fig.  3)  ate  given  in  Table  2. 

When  the  eutectic  point  of  this  system  at  25*  was  checked,  it  proved  that  the  composition  of  the  solution 
was  close  to  that  reported  by  Foote  (0.40%  NaF  and  26.37%  NaCl)  and  differed  but  slightly  from  the  eutectic 
solution  at  50*. 

The  quaternary  system  was  investigated  at  25*  and  50*. 

The  results  are  given  in  Table  3  (Fig.  4).  From  the  obtained  data  it  can  be  seen  that  neither  double  salts 
nor  solid  solutions  are  formed  in  the  quaternary  system,  the  same  as  is  true  of  the  ternary  systems  that  compose  it. 
The  addition  of  small  amounts  of  sodium  chloride  to  solutions  saturated  in  sodium  fluoride  and  sodium  carbonate 
causes  the  sodium  fluoride  to  salt  out,  and  its  solubility  changes  sharply. 
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AMOUNT  OF  ’’INACTIVE”  SULFUR 
IN  SULFONIC  ACID  ION-EXCHANGE  RESINS 

A.  A.  Vasil’ev,  V.  A.  Orestova  and  N.  A.  Nikolaeva 
Institute  of  High-Molecular  Compounds,  Academy  of  Sciences  of  the  USSR 


Together  with  ionogenic  groups,  ionites  frequently  also  contain  smaller  amounts  of  other  functional  groups, 
devoid  of  ionogenic  properties.  Because  of  the  great  difficulties  associated  with  determining  the  latter  in  insolu  - 
ble  crosslinked  polymers,  it  becomes  necessary  for  the  most  part  to  only  conjecture  as  to  their  character.  Thus, 
for  example,  the  reducing  properties  of  phenol -formaldehyde  ionites  [1]  are  explained  by  the  presence  of  easily 
oxidized  groups,  in  all  probability  being  of  the  aldehydic,  quinoidal,  etc.,  type. 

The  authors  of  the  present  paper  have  shown  that  many  of  the  sulfonic  acid  ionites  studied  by  them,  prepared 
from  various  organic  compounds,  contain,  besides  "active*  sulfur,  present  as  the  sulfonic  group  and  easily  deter¬ 
mined  by  titration  [2],  also  smaller  amounts  of  ’’inactive*  sulfur  (Table  1). 

The  presence  of  the  latter  can  be  shown  by  comparing  the  results  obtained  in  determining  the  sulfur  by  ele¬ 
mental  analysis  (S)  and  by  titration  (S^). 

Up  to  now  the  problem  of  the  amount  of  inactive  sulfur  in  sulfonic  acid  resins  has  failed  to  attract  the  at¬ 
tention  of  investigators,  in  which  connection  it  is  possible  to  encounter  vague  statements  in  the  literature  regard¬ 
ing  the  relationship  between  the  exchange  capacity  of  ionites  and  their  total  sulfur  content  [3]. 

Inactive  sulfur  can  be  present  in  ionites  in  the  form  of  various  compounds  or  groups,  already  contained  in 
the  starting  materials,  or  it  can  be  of  secondary  origin,  i.e.,  it  can  be  formed  during  sulfonation  or  in  the  sub¬ 
sequent  operations  of  preparing  the  ionites.  For  example,  sulfo  carbons  usually  contain  some  sulfide  and  sulfate 
sulfur  (as  FeS2,  FeSQi,  CuSO^,  etc.);  ionites  obtained  by  the  sulfonation  of  rubber  [4]  contain  vulcanization 
sulfur,  etc.  In  studying  the  process  for  the  formation  of  sulfo  ionites,  much  more  attention  should  be  given  to  the 
inactive  sulfur  of  secondary  origin. 

Based  on  experimental  data  [5],  we  had  previously  expressed  a  theory  regarding  the  character  of  the  sulfur- 
containing  functional  nonionogenic  groups  found  in  insoluble  phenol -formaldehyde  sulfo  resins  and  their  role  in 
the  formation  of  such  resins  [6].  It  is  quite  probable  that  the  inactive  sulfur  in  sulfo  phenol  ionites  is  present  as 
sulfo  ester  and  sulfonic  groups,  taking  part  in  the  processes  of  "crosslinking*  soluble  sulfonic  acids.  As  a  result, 
the  question  of  the  amount  of  inactive  sulfur  in  ionites  possesses  interest  when  studying  the  mechanism  for  the 
formation  of  insoluble  sulfo  polymers.  In  this  connection  the  choice  of  methods  for  determining  the  total  amount 
of  sulfur  in  sulfo  ionites  assumes  importance,  and  from  this  the  amount  of  sulfur  contained  in  the  nonionogenic 
functional  groups,  based  on  the  difference  S-S^.  Sueh  determinations,  naturally,  should  precede  investigating  the 
chemical  nature  of  the  inactive  sulfur  present  in  sulfo  ionites  of  various  origins. 

We  scrutinized  a  variety  of  analysis  methods.  Those  reported  in  the  literature  were  modified  in  one  respect 
or  another. 

It  was  established  that  some  of  the  methods,  where  the  substance  is  subjected  to  oxidative  decomposition 
in  either  acid  or  alkaline  medium  and  the  sulfur  is  then  determined  as  barium  sulfate,  prove  to  be  unsuitable  for 
the  analysis  of  sulfo  ionites. 
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TABLE  1 


Comparison  of  Results  of  Determining  Sulfur  in  Sulfo  Ionites  by  the  Method  of 
Fusion  with  KNO3  and  KOH  and  Subsequent  Titration  in  the  Presence  of  NaCl 


A  mount  of  sulfur  in  ionite 

IQ  fi 

Ionite 

determined 

as  S  bvfusior 
with  KNQ, 
[91  On 

determined 
as  Sa  ny  ti¬ 
tration 
(in  <JJ^)  [2] 

S-Sa  (in  <70) 

(in  ‘^) 

Sulfo -hydrocarbon 
ionites; 

SDV-3 

12.50 

12.03 

0.47 

3.76 

KU-2 

15.52 

0.65 

4.02 

SBS-3 

12.84 

11.18 

1.66 

12.9 

SSF 

14.91 

12.90 

2.01 

13.5 

Sulfo-phenol  ionites: 

DuoliteC-3 

11.10 

10.71 

0.39 

3.51 

Amberlite  IR-lOO 

6.32 

6.04 

0.28 

4.42 

KU-1 

8.62 

7.25 

1.37 

15.9 

PFSK 

9.48 

7.81 

1.67 

17.6 

SNF 

11.07 

9.25 

1.82 

16.5 

SN 

13.84 

11.62 

2.22 

16.1 

The  oxidation  of  ionites  using  a  mixture  of  nitric  acid  and  bromine  [7],  or  nitric  acid  and  hydrogen  perox¬ 
ide,  or  an  alkaline  potassium  permanganate  solution  at  the  boil  (Messinger  method  [8]),  gave  low  results.  Evident¬ 
ly,  incomplete  oxidation  is  obtained  when  the  indicated  wet  methods  and  conditions  are  used  to  oxidize  sulfo  resins. 

Entirely,  satisfactory  results  were  obtained  with  the  following  methods;  fusion  of  the  resin  with  potassium 
permanganate  and  sodium  carbonate,  followed  by  boiling  the  melt  with  hydrochloric  acid  to  dissolve  the  manganese 
dioxide;  and  fusion  with  potassium  nitrate  and  potassium  hydroxide  (or  sodium  hydroxide),  followed  by  dissolving 
the  melt  in  water  (Liebig  method  [9]),  and  precipitating  the  sulfur  as  barium  sulfate.  The  first  method  requires 
quite  a  long  time  to  dissolve  the  MnOj,  and  for  this  reason  preference  Was  given  to  the  more  rapid  second  method. 

The  micromethods  enumerated  below,  based  on  the  catalytic  reduction  or  oxidation  of  organic  substances, 
were  used  with  success  to  determine  the  sulfur  in  sulfo  ionites. 

When  the  method  of  Korshun  and  Gel’man  [10]  was  used,  the  hydrogen  sulfide  formed  by  decomposition  of 
the  substance  in  a  stream  of  hydrogen  was  absorbed  in  zinc  sulfate  solution,  and  the  obtained  sulfide  was  deter¬ 
mined  by  lodometric  titration. 

When  the  gravimetric  method  of  Korshun  and  Sheveleva  [11]  was  used,  the  sulfur  oxides  formed  by  burning 
the  substance  in  a  stream  of  oxygen  were  absorbed  on  silvered  pumice  [12].  The  method  permits  the  simultaneous 
determination  of  carbon,  hydrogen  and  sulfur. 

When  the  volumetric  method  worked  out  basically  by  Pregl  [13]  was  used,  the  sulfur  oxides  formed  by  burh- 
ing  the  substance  in  a  stream  of  oxygen  were  absorbed  in  hydrogen  peroxide  solution,  followed  by  titration  of  the 
formed  sulfuric  acid.  The  apparatus  used  in  analyzing  the  ionites  was  analogous  to  that  recommended  for  the 
determination  of  halides  [14]. 

A  rapid  method,  in  which  the  weighed  sample  of  resin  was  burned  in  a  flask  filled  with  oxygen,  was  also 
used  to  determine  sulfur  in  sulfonic  acid  ionites.  The  oxides  were  absorbed  in  dilute  hydrogen  peroxide  solution, 
previously  poured  into  the  same  flask.  The  apparatus  that  we  used  here  had  been  recommended  earlier  for  the 
rapid  determination  of  halides  [15]. 

The  results  of  determining  sulfur  using  different  methods,  giving  satisfactory  results  when  applied  to  sulfonic 
acid  ionites,  are  compared  in  Tables  1-3. 
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TABLE  2 


Comparison  of  Results  of  Determining  Sulfur  in  Sulfo  Ionites  by  the  Methods 
of  Fusion  with  KNO3  and  KOH  and  of  Reductive  Decomposition 


Amount  of  sulfur  in 
ionites 

S  S' 

Ionite 

determined 
asS  by  fusion 
with  KNO, 
and  KOH  [9] 

1  fin  %) 

detetmined 
as  S  by  dry 
combustion 
in  stream  of 
H,C7o)  [10] 

s  —  S'  (in  %) 

s  ■  -100 

(in  %) 

Sulfo -hydrocarbon 
ionites: 

3.89 

KU-2 

16.17 

15.55 

0.62 

SBS-R 

8.91 

8.55 

0.36 

4.04 

Sulfo-phenol  ionites: 

KU-1 

8.62 

8.37 

0.25 

2.90 

Amberlite  IR-100 

6.32 

6.11 

0.21 

3.32 

Wofatit  P 

1 

4.70 

4.51 

0.19 

4.04 

S-S 

The  values  of  - -  (Table  1)  for  ionites  SDV-3,  KU-2,  Duolite  C-3  and  Amberlite  IR-100  range  from 

3.3  to  4.4%  whereas  for  ionites  SBS-3,  SSF,  KU-1,  SNF,  SN  and  PFSK  the  values  range  considerably  hi^er 
(12.9-17.6%). 


The  analysis  values  given  in  Table  2  show  that  the  method  of  fusing  the  substance  with  KNOs  and  KOH,  and 
determining  the  sulfur  as  BaS04,  constantly  gives  higher  results  than  the  micromethod  of  reductive  decomposition, 
in  which  connection  the  values  of  for  different  ionites  range  from  2.9  to  4.0%,  i.e.,  very  close  to  the  values 


S-Sn  ^ 

of  -  for  some  of  the  ionites  included  in  Table  1.  As  a  result,  there  is  reason  to  believe  that  of  the  two  meth¬ 

ods  for  determining  sulfur  the  reductive  micromethod  is  characterized  by  the  greater  accuracy,  and  for  ionites 
SDV-3,  KU-2,  Duolite  C-3  and  Amberlite  IR-lOO  the  differences  between  the  values  of  S  and  are  actually 
small,  i.e.,  the  indicated  ionites  are  practically  devoid  of  inactive  sulfur. 


The  validity  of  the  last  assumption,  and  consequently  the  accuracy  of  the  values  obtained  by  the  method 
of  dry  combustion  in  a  stream  of  hydrogen,  is  confirmed  by  the  data  given  in  Table  3,  from  which  it  can  be  seen 
that  the  parallel  determinations  of  sulfur  in  SNF  ionites  using  four  microanalytical  methods,  including  the  destruc¬ 
tive  reduction  method,  give  extremely  close  results.  Earlier  [16],  on  the  examples  of  ionites  KU-1  and  KU-2,  we 
had  shown  that  the  method  of  determining  sulfur  in  ionites  by  fusion  with  KNO3  and  KOH  gives  somewhat  high 
results,  which  is  explained  as  due  to  joint  precipitation  when  the  sulfur  is  determined  as  BaS04. 


The  data,  given  in  the  present  communication,  confirm  the  results  of  these  experiments  [16].  For  cationites 
SBS-3,  SSF,  KU-1,  SNF,  SN  and  PFSK  the  values  of  are  substantial  (12.9-17.6)  and  cannot  be  explained  as 

S 

due  only  to  joint  precipitation,  but  instead  indicate  that  inactive  sulfur  is  present  in  the  ionites. 

Despite  the  simplicity  of  determining  sulfur  in  ionites  by  fusion  of  the  substance  with  potassium  nitrate  and 
potassium  hydroxide,  and  the  adequate  reproducibility  of  the  analysis  results,  still  preference  should  be  given  to 
the  above-indicated  micromethods  in  view  of  their  greater  accuracy  and  the  much  smaller  amount  of  time  re¬ 
quired  to  run  the  analyses  (usually  40  to  50  minutes  instead  of  5  hours).  When  compared  with  the  micromethods 
of  burning  the  substance  in  either  a  stream  of  hydrogen  or  oxygen,  the  method  of  combustion  in  a  flask  filled  with 
oxygen  possesses  undoubted  advantage;  to  run  the  analysis  requires  very  simple  apparatus,  and  the  length  of  each 
determination  does  not  exceed  15-20  minutes. 
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TABLE  3 

Comparison  of  Results  of  Determining  Sulfur  In  Sulfo  Ionites  SNF  by  Mlcroanalytlcal  Methods  of  Destructive 
Reduction  and  Oxidation* 


Amount  of  sulfur  in  ionites  (In  %),  determined  using  the  methods 

Sample  No. 

dry  combustion 
in  a  stream  of 

dry  combustion  in  a  stream  of 
oxygen  in  a  quartz  tube 

combustion  in 
an  atmosphere 

Remarks 

hydrogen  [10] 

gravimetric  deter¬ 
mination  [11, 12] 

volumetric  deter¬ 
mination  [13, 14] 

of  oxygen  in 
a  flask 

1 

7.35 

7.42 

7.39 

7.41 

2 

9.87 

- 

9.97 

- 

3 

10.03 

10.21 

10.09 

10.06 

4 

10.07 

10.22 

9.81 

10.06 

B  -Naphthalene - 
sulfonic  acid 
CioHgOsS  •  3H2O 

12.28 

12.11 

12.07 

Theoretical  amount 
of  sulfur  12.23% 

•  The  determinations  were  run  In  parallel  (using  different  methods).  In  the  table  we  have  given  the  average 
values,  calculated  for  the  air-dried  ionite  samples. 

EX  PERIMENTAL  • 

The  H-form  of  the  air-dried  ion-exchange  resin  was  ground  In  an  agate  mortar  to  a  fine  powder,  known 
amounts  of  which  were  then  taken  sulfur  determination.  The  amount  of  moisture  in  the  samples  was  determined 
at  the  same  time  by  drying  1.5-2  g  of  the  resin  in  a  drying  oven  at  105-110*  to  constant  weight.  The  amount  of 
active  sulfur  was  determined  by  titrating  the  ionites  in  the  presence  of  sodium  chloride  solution  using  methyl 
orange  as  the  indicator  [2]. 

Determination  of  sulfur  in  ionites  by  fusion  with  potassium  nitrate  and  potassium  hydroxide  [9].  A  mixture 
of  0.8  g  of  KNC)3  and  4  g  of  KOH  was  fused  in  a  silver  crucible  placed  In  a  retort  furnace.  After  cooling,  the 
crucible  was  weighed,  and  then  about  0.2  g  of  the  ionite  was  added.  Further  heating  caused  the  resin  to  gradually 
decolorize.  After  cooling  the  crucible,  the  homogeneous  melt  was  dissolved  in  water  and  the  solution  was  trans¬ 
ferred  to  a  flask.  The  subsequent  operations  were  carried  out  in  customary  manner,  i.e.,  the  solution  was  made 
acid  with  hydrochloric  acid,  heated,  the  barium  sulfate  precipitated  (using  15-20  ml  of  hot  0.5  N  BaCl2  solution), 
then  filtered  (the  following  day),  washed  with  water,  and  ignited  to  constant  weight. 

The  time  required  to  run  the  analysis  was  about  5  hours  (not  including  the  time  taken  out  to  obtain  com¬ 
plete  precipitation  of  the  BaS04). 

Determination  of  sulfur  by  dry  combustion  in  a  hydrogen  stream  [10].  A  3-6  mg  sample  of  the  ionite  was 
burned  in  a  quartz  tube  containing  platinum  catalyst  for  20  min  in  a  stream  of  hydrogen,  passed  through  the  tube 
at  a  rate  of  20-25  ml/ min.  Then  the  formed  hydrogen  sulfide  was  displaced  by  hydrogen,  passed  through  the 
tube  at  a  rate  of  50-80  ml/ min  for  5-10  min.  The  hydrogen  sulfide  was  absorbed  by  a  mixture  of  equal  parts 
of  lO^o  ZnS04  and  10%  CH3COONa,  acidified  with  several  drops  of  coned,  acetic  acid.  The  obtained  sulfide  was 
determined  iodometrically.  The  total  time  of  the  analysis  was  50-60  min. 

Gravimetric  determination  of  sulfur  by  dry  combustion  in  an  oxygen  stream  [11,  12].  A  3-6  mg  sample  of 
the  ionite  was  burned  in  a  quartz  tube  containing  platinum  catalyst  for  13-15  min  in  a  stream  of  oxygen,  passed 

•V.  S.  Matrosova  assisted  in  the  experimental  portion  of  this  work. 
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through  the  tube  at  a  rate  of  35-50  ml/ min.  The  formed  sulfur  trioxide  was  quantitatively  absorbed  on  silvered 
pumice,  heated  to  650-700*.  The  amount  of  sulfur  in  the  Ionite  was  determined  from  the  weight  increase  of  the 
absorption  apparatus  (due  to  the  formation  of  Ag2S04).  The  total  time  of  the  analysis  was  40-45  min. 

Volumetric  determination  of  sulfur  by  dry  combustion  in  an  oxygen  stream  [13,  14].  A  3-6  mg  sample  of 
the  ionite  was  burned  in  a  quartz  tube  containing  platinum  catalyst  in  a  stream  of  oxygen,  passed  through  the 
tube  at  a  rate  of  20-25  ml/ min.  The  quartz  absorption  apparatus  was  filled  with  either  glass  rings  or  helices 
moistened  with  neutral  5<i^  hydrogen  peroxide  solution.  A  test  tube  with  a  sealed -in  porous  plate  was  connected 
to  the  absorption  apparatus,  and  it  was  also  filled  with  the  same  hydrogen  peroxide  solution  (to  create  a 
hydraulic  seal).  The  final  product  of  the  sulfur  oxidation,  namely  sulfuric  acid,  was  titrated  with  0.01  N  NaOH 
solution  using  methyl  red  as  die  indicator.  The  total  time  of  the  analysis  was  35-40  min. 

Volumetric  determination  of  sulfur  by  dry  combustion  in  an  oxygen  atmosphere.  The  combustion  was  run 
in  a  pyrex  Erlenmeyer  flask,  fitted  with  a  ground -glass  stopper  and  a  side  arm  with  a  stopcock  fitting.  A  4-8 
mg  sample  of  the  ionite  was  wrapped  carefully  in  ashless  filter  paper,  and  the  wad  was  placed  on  a  platinum  grid, 
fastened  to  one  end  of  a  platinum  wire  60-70  mm  long  and  with  a  diameter  of  0.7-0.8  mm,  sealed  in  the  con¬ 
stricted  end  of  a  tube.  After  placing  the  absorbing  liquid  (3  drops  of  perhydrol  in  10  ml  of  water),  neutralized  t  > 
alizarin  red,  in  the  flask,  the  flask  was  filled  with  oxygen,  the  filter  paper  was  kindled,  and  the  stopper  was  quick¬ 
ly  Inserted  in  the  flask.  The  burning  of  the  sample  required  15-20  sec.  The  flask  was  shaken  for  5-8  min  until 
the  fog  over  the  liquid  had  disappeared,  the  pressure  inside  the  flask  was  equalized  with  the  external  pressure,  and 
the  solution  was  boiled  for  10  sec  to  remove  CO2. 

The  flask  was  cooled  in  water  and  the  solution  was  titrated  with  0.01  N  NaOH  solution  using  alizarin  red 
as  indicator.  The  time  of  the  individual  analyses  did  not  exceed  15-20  min  and  could  have  been  reduced  even 
more. 


SUMMARY 

1.  It  was  shown  that  in  order  to  study  the  mechanism  of  formation  and  the  structure  of  insoluble  ion-ex¬ 
change  polymers  it  is  important  to  have  some  knowledge  regarding  the  character  of  the  nonionogenic  functional 
groups  contained  in  them. 

2.  Based  on  the  comparative  determination  of  sulfur  in  sulfo  ionites  using  different  analysis  techniques, 
it  was  shown  that  many  ionites  contain  inactive  sulfur  that  cannot  be  determined  by  titration,  which  sulfur  is 
present  in  the  nonionogenic  groups  (in  all  probability,  sulfo  ester  and  sulfonic  groups). 
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REDUCTION  OF  LANGBEINITE  BY  METHANE 


S.  V.  Kushnir  and  Ya.  P.  Berkman 


Langbelnite  (K2SO4 ' 2MgS04)  is  a  mineral  that  is  found  quite  extensively  in  potassium  salt  deposits  of  the 
Carpathian  region  [1],  At  the  present  time  It  is  subjected  only  to  enrichment  (washing  out  of  halite  from  the 
langbelnite  rock)  and  under  the  name  of  "kalimag"  Is  used  as  a  poor  potash  fertilizer.  At  the  same  time  this 
mineral,  as  well  as  the  widely  distributed  kainite— langbelnite  deposits,  can  serve  as  a  source  of  potassium  sulfate, 
an  extremely  valuable  concentrated  potash  fertilizer. 

The  problem  of  containing  K2SO4  from  langbelnite  reduces  to  its  separation  from  MgS04.  However,  be¬ 
cause  of  the  ready  solubility  of  both  salts  it  is  very  difficult  to  accomplish  this  separation  by  wet  methods.  For 
this  reason  all  of  the  methods  proposed  earlier  for  the  wet  processing  of  langbelnite  proved  to  be  both  complicated 
and  economically  unfeasible  [2-4].  Dry  processing  methods,  based  on  the  reduction  of  the  MgS04  present  in  lang- 
beinite  to  the  water-insoluble  magnesium  oxide,  with  the  K2SO4  remaining  unchanged,  offer  much  more  promise. 
Here  the  separation  of  the  K2SO4  from  the  MgO  is  no  problem  whatsoever. 

Up  to  now  only  one  method  for  the  dry  processing  of  langbelnite  has  been  examined,  in  which  charcoal  was 
used  as  the  reducing  agent  [5-7],  Here  it  was  shown  that  it  is  possible  to  make  the  process  go,  but  because  of  var¬ 
ious  technological  and  apparatus  difficulties  the  process  failed  to  find  industrial  application  [8]. 

At  the  present  time  the  use  of  natural  gas  (methane)  for  the  reduction  of  langbelnite  appears  especially 
promising.  Proceeding  on  this  assumption,  we  decided  to  study  the  reduction  of  langbelnite  with  methane  and 
determine  if  this  new  method  of  gaseous  dry  processing  could  be  used  to  obtain  K2SO4  from  langbelnite. 

First  we  investigated  the  methane  reduction  of  the  individual  components  present  in  langbelnite,  namely 
MgS04  and  K2SO4.  It  proved  that  reaction  between  MgS04  and  methane  begins  at  710*  and  goes  with  considera¬ 
ble  speed  at  7.10*.  The  reaction  products  are  MgO  and  various  sulfur -containing  compounds  (SO2,  S,  H2S,  CS2), 
the  proportions  of  which  show  profound  variation  dep>ending  on  the  reduction  conditions.  By  making  an  exhaustive 
study  of  this  reaction  we  were  able  to  establish  that  the  primary  reduction  product  is  S02,  and  that  all  of  the  other 
sulfur-containing. products  are  obtained  as  the  result  of  secondary  reduction  of  the  SO2  by  excess  methane  [9]. 
Consequently,  the  basic  equation  for  the  reduction  of  MgS04  with  methane  has  the  form 


4MgS04  +  CH4  =  4MgO  4-  480-2  f  CO2  +  2H2O. 


(1) 


The  reduction  of  K2SO4  by  methane  does  not  begin  before  800*  and  goes  with  the  formation  of  mainly 
potassium  polysulfides.  The  rate  of  reduction  is  quite  slow  even  at  8.10*  [10]. 

As  a  result,  preliminary  studies  revealed  that  in  principle  it  is  possible  to  effect  the  selective  reduction  of 
langbelnite  with  methane,  i.e.,  to  effect  the  reduction  of  only  MgS04  and  leave  the  K2SO4  unchanged. 

EXPERIMENTAL 


The  reduction  of  langbelnite  with  methane  was  studied  using  the  apparatus  shown  in  the  figure.  For  the 
experiments  we  used  the  langbelnite  concentrate  "kalimag",  with  the  composition  (in  %):  47.66  MgS04,  31.11  * 
K2SO4,  2. .18  CaS04,  2.04  NaCl,  4.86  insoluble  residue,  and  11.8  H2O;  the  reducing  agent  used  was  natural  (Dashavsk) 
gas*  (methane).  The  weighed  sample  of  dehydrated  fine-grained  (0.3-0. 6  mm)  langbelnite  in  a  porcelain  boat 

•Composition  of  the  natural  gas  (in  %):  CH4  97.83.  CjHg  a  44,  CjHg  0.18,  C4H,o  0.0.1,  CcHjj  and  higher  0.11,  and 

N,  1.1., 
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TABLE  1 


Effect  of  Temperature  on  Reduction  of  Langbeinite  with  Methane 


Tempera¬ 

ture 

Weight  loss 
(in  <7c) 

Sulfur  distribution  (in  %) 

Extent  of 
MgS04 
reduction 
(in  o/r) 

Ratio 

COj 

in  solid  residue 

in  gases 

so" 

SO, 

s 

H.S 

CS, 

CO 

760 

1.5 

13,0 

75.0 

CjieAiJ 

1.2 

3.1 

15.6 

5.1 

37.6 

8.3 

8(X) 

1.5 

29.0 

36.9 

3.3 

2.0 

20.9 

27.0 

9.9 

89.5 

8.3 

81K) 

1.0 

27.3 

— 

0.7 

2.2 

— 

24.6 

— 

— 

— 

840  •  * 

1.5 

32.6 

27.0 

7.0 

3.9 

32.4 

22.7 

8.0 

99.0 

6.6 

840 

1.0 

31.1 

— 

3.4 

3.0 

— 

20.0 

— 

— 

— 

880* *• 

1.5 

29.1 

45.8 

0.4 

4.2 

19.4 

28.1 

2.1 

80.6 

4.5 

880 

1.0 

27.0 

— 

0.9 

3.6 

24.7 

•  Here  and  subsequently  M  is  the  mole  ratio  CH*/  MgS04. 

•  •Sintering. 

•  •  •Residue  molten.  No  S"  ion  present. 

was  reduced  in  a  stream  of  methane  at  a  predetermined  temperature  in  the  quartz  reactor  tube  of  an  electrically 
heated  tube  furnace. 

The  SO7  and  H2S  In  the  gaseous  reaction  products  were  determined  iodometrically,  the  carbon-containing 
sulfur  compounds  were  determined  by  combustion  [11],  while  the  COj  and  CO  were  determined  by  conventional 
gas  analysis  methods.  The  solid  residue  was  analyzed  for  loss  in  weight  and  amount  of  S04*  (gravlmetrically ) 

S"  and  SO3"  (iodometrically)  ions.  Elemental  sulfur  was  found  by  difference. 

By  means  of  preliminary  experiments  it  was  established  that  the  reduction  of  the  MgS04  contained  In  lang¬ 
beinite  by  methane  begins  to  go  quite  rapidly  at  T.^O*.  The  effect  of  the  temperature  and  time  of  reduction  on 
this  process  can  be  seen  from  the  data  In  Table  1.  In  this  series  of  experiments  the  methane  was  admitted  Into 
the  reactor  at  a  rate  of  10  ml/ min,  which  sets  the  time  of  the  experiments  as  M  =  1.5  in  30,  and  M  =  1.0  In  20 
minutes.  The  extent  of  MgS04  reduction  was  determined  from  the  amount  of  sulfur  in  the  gaseous  reaction  prod¬ 
ucts.  The  formation  of  S"  and  SO3"  ions  in  the  solid  residue  was  regarded  as  being  due  to  the  reduction  of  K2SO4 
(and  possibly  CaS04). 

From  the  obtained  data  it  can  be  seen  that  the  rate  with  which  langbeinite  is  reduced  by  methane  increases 
substantially  as  the  temperature  is  raised  to  840”,  and  then  it  shows  noticeable  decrease  at  higher  temperatures 
(880").  This  is  apparently  associated  with  a  fusion  of  the  residue  at  880". 

In  this  connection  only  the  MgS04  is  reduced  at  temperatures  up  to  800",  but  above  this  temperature  the 
K2SO4  also  begins  to  show  substantial  reduction.  When  the  experiments  run  for  different  lengths  of  time  at  this 
temperature  are  compared,  it  is  not  difficult  to  see  that  the  main  reduction  of  the  K2SO4  occurs  toward  the  end 
of  the  process,  when  most  of  the  MgS04  had  already  been  reduced.  And,  Judging  from  the  weight  loss  and  the 
yield  of  H2S,  the  main  portion  of  the  MgS04  is  actually  reduced  within  20  min.  As  a  result.  It  Is  necessary  to  as¬ 
sociate  the  reduction  of  K2SO4  as  due  more  to  the  concentration  of  methane  in  the  reaction  zone  than  to  the  tem¬ 
perature  of  the  process.  At  a  low  methane  concentration  (start  of  the  process)  the  K2SO4  Is  hardly  affected,*  but 
at  a  higher  concentration  (end  of  the  process)  the  reduction  of  the  K2SO4  goes  at  a  substantial  rate. 

Attention  is  attracted  to  the  very  low  yield  of  sulfide— sulfite  sulfur  at  880*  and  the  completely  different 
character  of  its  change  with  time  (it  decreases  during  the  last  10  minutes).  This  is  easily  explained  by  the  potas¬ 
sium  sulfides  (or  polysulfides)  reacting  with  the  MgS04  in  the  melt  [12],  As  long  as  the  residue  remained  solid, 
this  secondary  reaction  hardly  occurred. 


•  At  the  start  of  the  process  nearly  all  of  the  methane  is  consumed  in  the  reduction  of  MgS04  and  its  residual  con¬ 
centration  Is  small. 
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Diagram  of  apparatus.  1)  Methane  cylinder,  2)  hydraulic  seal,  3)  scrubber  containing 
coned.  KOH,  4)  scrubber  containing  coned.  H2SO4,  5)  flow  meter,  6)  nitrogen  cylinder, 

7)  tube  filled  with  copper  turnings,  8)  scrubber  containing  pyrogallol  solution,  9)  cal¬ 
cium  chloride  tube,  10)  electrically  heated  tube  furnace,  11)  quartz  tube  (1  =  400  mm, 
d  =  20  mm),  12)  filter  for  sulfur,  13)  bulb  absorber  containing  0.1  N  I2  solution,  14) 
scrubber  containing  KI  solution,  15)  manometer,  16)  evacuated  gasholder,  17)  TP-5 
thermocouple,  18)  Dewar  flask,  and  19)  MP-1  galvanometer. 

The  physical  properties  of  the  product  formed  play  an  important  part  in  determining  the  course  of  the 
process.  Despite  the  fact  that  the  eutectic  temperature  of  the  system  K2SO4— langbeinite  is  equal  to  only  747* 
[13],  still  our  product  fails  to  melt  up  to  840*,  and  instead  it  sinters  to  a  greater  or  less  degree.  This  obviously 
is  associated  with  the  formation  of  infusible  magnesium  oxide,  which  up  to  a  certain  temperature  can  function 
as  a  thickener  and  impart  a  highly  viscous  consistency  and  porous  structure  to  the  grains  of  the  residue  (even 
when  the  residue  proves  to  have  the  eutectic  composition),  not  permitting  it  to  melt.  At  t  >  840“  the  magnesi¬ 
um  oxide  is  no  longer  capable  of  keeping  the  product  from  melting.  Reduction  of  the  melt  by  the  methane  gas 
goes  very  poorly,  for  which  reason  the  MgS04  present  in  langbeinite  shows  a  quite  low  degree  of  reduction  at  880*. 

The  composition  of  the  gaseous  reduction  products  varies  considerably  depending  on  the  temperature  of  the 
process.  The  yields  of  the  individual  sulfur -containing  gaseous  products,  based  on  the  sulfur  of  the  reduced  MgS04 
(calculated  from  the  data  of  Table  1),  are  given  in  Table  2. 

TABLE  2 

Effect  of  Temperature  on  Composition  of  Gaseous  Reaction  Products 


Tern  - 

Extent  of 

Sulfur  distribution  (in  ^o) 

perature 
(in  *0 

MgS04  re¬ 
duction  (‘Vo) 

so. 

s 

ll,S 

cs. 

7(i(l 

■'t.S 

VIA 

02.  i 

20.4 

800 

so..'. 

:\A 

35.0 

i').l 

16.5 

S'lO 

09.0 

r>.s 

Fusion 

48.4 

33.0 

11.0 

>,S(I  1 

I  SO.O  1 

7.8 

30.1  1 

1 

3.0 

As  can  be  seen,  raising  the  temperature  up  to  the  point  where  fusion  of  the  residue  occurs  causes  the  yields 
of  the  individual  products  to  change  in  a  regular  manner;  the  yield  of  free  sulfur  (and  SO2)  increases  substantially 
due  to  a  decrease  in  S'*  (H2S  +  CS2).  After  fusion  of  the  residue  it  is  only  for  the  SO2  that  the  character  of  the 
change  in  the  yield  remains  unchanged.  This  suggests  that  all  of  the  SO2  is  formed  at  880“  even  before  the  prod¬ 
uct  melts. 


2736 


TABLE  3 


Distribution  of  Sulfur  in  the  Reduction  of  Langbeinite  and  MgS04.  t  =  800*,  =  10  ml/ min, 

CH4/MgS04  =1.5 


Salt 

Extent  of  reduc- 

Distribution  of  S 

(in  %) 

tion  (in  %) 

SO2 

S 

H2S 

CS2 

K2S04-2MgS04 

89.5 

3.4 

35.0 

4.5.1 

16.5 

MgS04 

99.1 

48.1 

33.2 

8.8 

9.9 

It  is  obvious  that  the  mechanism  for  the  reduction  of  the  MgS04  present  in  langbeinite  is  the  same  as  for 
pure  MgS04 .  Consequently,  the  primary  reaction  here  is  also  the  formation  of  SOj,  proceeding  in  accordance 
with  the  equation 


2(K2S04 . 2MqS04l  t  (:H4  =  2K2S04  4  /iMrU  4  >4S02  4- CO2  +  2H2O. 

(2) 

All  of  the  other  sulfur -containing  products  are  obtained  as  the  result  of  secondary  reduction  of  the  SO2  by  excess 
methane. 

However,  when  analogous  experiments  for  langbeinite  and  MgS04  are  compared,  it  can  be  seen  that  in 
the  case  of  langbeinite  the  amount  of  H2S  in  the  products  is  increased  substantially  at  the  expense  of  a  decrease 
In  the  amount  of  SO2  (Table  3), 

We  believe  that  the  course  of  the  process  can  be  explained  in  the  following  manner.  The  rate  of  the  primary 
reaction  (formation  of  SO2)  Is  considerably  slower  for  langbeinite  than  for  MgS04  (compare  the  extent  of  reduction). 
As  a  result  of  this,  at  the  same  methane  feed  rate,  even  in  the  initial  stage  of  the  process  the  intermediate  ratio  of 
SO2/CH4  in  the  reaction  zone  will  be  considerably  smaller  when  langbeinite  is  reduced  than  when  MgS04  is  reduced. 
In  this  way,  when  langbeinite  is  reduced,  more  favorable  conditions  are  created  for  progress  of  the  secondary  reduc¬ 
tion  of  SO2,  and  the  main  products  become  H2S  and  S. 

Increasing  the  temperature  accelerates  reaction  (2),  and  this  leads  (maintaining  the  methane  feed  rate 
constant)  to  an  increase  in  the  intermediate  ratio  802/ CH4.  As  a  result  of  this  the  secondary  reduction  of  SO2  is 
less  profound,  i.e.,  the  yield  of  S  increases  at  the  expense  of  a  decrease  in  the  yield  of  H2S.  The  Indicated  rule 
is  violated  when  the  product  melts,  since  here  the  rate  of  reaction  (2)  decreases  sharply.  This  leads  to  a  substan¬ 
tial  decrease  in  the  SO2/CH4  ratio  in  the  reaction  zone  and  to  an  increase  in  the  amount  of  H2S  in  the  products. 

As  a  result,  the  methane  concentration  in  the  reaction  zone  when  langbeinite  is  reduced  is  an  exceedingly 
important  factor,  determining  both  the  composition  of  the  gaseous  products  and  the  possibility  of  reducing  the 
K2SO4  present  in  langbeinite.  This  caused  us  to  make  a  separate  study  of  the  effect  of  the  methane  feed  rate  on 
the  reduction  process.  This  series  of  experiments  were  run  at  800*,  employing  the  ratio  M  =  CH4/MgS04  =  0.5. 

The  results  of  the  experiments  are  given  in  Table  4. 

If  the  obtained  data  are  compared  with  the  data  in  Table  1,  then  it  is  easy  to  see  that  the  extent  of  K2SO4 
reduction  actually  decreases  as  the  methane  feed  rate  is  decreased  (i.e.,  as  its  concentration  in  the  reaction  zone 
is  decreased).  Also  the  composition  of  the  gaseous  products  shifts  toward  those  products  that  derive  from  a  less 
profound  reduction  of  the  SO2.  Even  at  v  =  2.5  ml/ min  the  main  gaseous  product  is  elemental  sulfur.  It  is  obvious 
that  at  even  slower  methane  feed  rates  the  main  product  can  be  SO2.  •  As  a  result,  changing  the  methane  concen¬ 
tration  in  the  reaction  zone  makes  it  possible  to  run  the  process  in  such  manner  that  either  sulfur*  •  alone  or  pure 
sulfur  dioxide  is  obtained  as  by-product. 


•This  was  confirmed  experimentally  by  taking  a  layer  of  langbeinite  (10  cm  long)  and  reducing  It  with  a  slow 
stream  of  methane.  The  gases  escaping  from  the  reactor  were  found  to  contain  only  one  sulfur-containing  product, 
namely  SO2. 

•  •The  other  sulfur -containing  gases  (SO2  and  H2S  +CS2),  always  obtained  along  with  sulfur,  are  easily  converted  to 
elemental  sulfur  by  passing  the  mixture  of  gases  over  a  bauxite  catalyst  at  low  temperature  [14]. 
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TABLE  4 


Effect  of  Methane  Feed  Rate  on  Reduction  of  Langbeinite 


V  (in 

j 

iTime 

Weight 
.  loss 

1  Sulfur  distribution  (in  %) 

Extent  of 

in  solid  residue 

in  gas 

MgSQ4  re 
duction 

ml/min)' 

riumuw  .. 

(in«fo) 

so  4 

S"  +  SO3 

SO. 

s 

II,S 

CS. 

(in  %) 

10 

10 

16.5 

58.7 

0.07 

2.3  j 

1 

22.2 

10.0 

6.8 

38.2 

5 

20 

24.6 

39.3 

0.20 

9.8 

43.8 

4.1 

2.8 

90.7 

2.5 

/i0 

27.0 

33.0 

1.02 

11.5 

49.4 

2.9 

2.2 

99.0 

The  data  given  in  Table  4  show  that  at  low  methane  feed  rates  the  ratio  M'  CH4/MgS04  =  O.S  is  sufficient 
to  effect  the  complete  reduction  of  the  MgSQ*  present  in  langbeinite.  Here  the  solid  product  contains  very  little 
potassium  sulfide  and  hardly  sinters.  However,  even  with  low  methane  feed  rates  a  long  residence  of  the  salt  in 
the  reaction  zone  leads  to  noticeable  reduction  of  the  KjSO^. 

From  our  experiments  it  follows  that  the  time  required  to  obtain  practically  complete  reduction  of  the 
MgvS04,  and  still  not  affect  the  K2SO4,  Is  approximately  30  to  40  minutes. 

It  is  Interesting  to  mention  that  at  v  =  5  ml/ min  the  extent  to  which  the  MgS04  in  langbeinite  is  reduced 
in  20  min  is  considerably  greater  than  at  v  =  10  ml/ min  in  30  min.  As  a  result,  an  unexpected  result  Is  obtained: 
the  rate  of  the  process  decreases  as  the  relative  concentration  of  methane  in  the  reaction  zone  increases.  But  this 
is  only  a  seeming  contradiction.  The  truth  of  the  matter  is  that  our  data  refer  only  to  the  average  rate  of  reduc¬ 
tion.  But  it  is  obvious  that  the  main  influence  (at  constant  temperature)  on  the  reduction  rate  should  be  exerted 
by  the  properties  of  the  surface  layer  of  the  already  reduced  langbeinite  grains,  since  the  rate  with  which  methane 
diffuses  into  the  grains  is  mainly  dependent  on  these  properties. 

The  higher  the  methane  feed  rate  the  faster  the  initial  reduction  rate.  This  leads  to  a  noticeable  fusion  of 
the  grains  and  their  pronounced  sintering,  i.e.,  to  the  formation  of  a  layer  showing  marked  resistance  to  diffusion. 
Because  of  this  the  rate  of  the  process  decreases  rapidly  with  time.  The  smaller  the  methane  feed  rate  the  slower 
the  rate  of  the  process  at  the  start,  the  smaller  the  fusion  of  the  surface  layer  (less  sintering),  and  the  smaller  its 
resistance  to  diffusion.  For  this  reason  the  decrease  in  the  reduction  rate  with  time  goes  much  slower.  As  a  result, 
a  higher  average  rate  for  the  process  obtains  at  a  smaller  methane  feed  rate.  A  similar  phenomenon  was  observed 
by  Gorbanev  when  he  used  producer  gas  to  reduce  Na2S04  [15],  but  he  failed  to  give  any  explanation  for  it. 

Our  laboratory  work  indicates  that  it  is  entirely  possible  to  subject  langbeinite  to  reduction  by  methane  and 
convert  it  to  potassium  sulfate,  magnesium  oxide  and  sulfur  (or  sulfur  dioxide).  The  optimum  conditions  for  the 
process  are:  temperature  800-820°,  a  low  concentration  of  methane  in  the  reaction  zone,  and  a  residence  time 
of  the  salt  in  the  reaction  zone  not  exceeding  40  minutes.  These  conditions  find  complete  technological  accept¬ 
ance.  The  close  proximity  of  Dashavsk  gas  to  the  potassium  deposits  and  the  small  amount  needed  for  reduction 
(0.5  CFI4  per  1  MgS04)  also  make  it  possible  to  consider  this  process  economically  feasible. 

SUMMARY 

1.  When  the  reduction  of  langbeinite  (K2SO4*  2MgS04)  by  methane  was  Investigated  at  different  tempera¬ 
tures  (700-900°)  and  different  methane  feed  rates  it  was  established  that  only  MgS04  is  reduced  at  750-800°.  A 
partial  reduction  of  K2SO4  is  possible  only  at  ^  >  800°  and  with  the  simultaneous  presence  of  a  high  methane  con¬ 
centration  in  the  reaction  zone.  Based  on  the  results  of  studying  the  reduction  of  MgS04  and  K2SO4,  the  mechan¬ 
ism  for  the  reduction  of  langbeinite  with  methane  was  discussed. 

2.  It  was  shown  that  it  is  possible  to  run  the  reduction  of  langbeinite  at  760-840°  without  melting  the 
product.  Melting  of  the  residue  occurs  at  higher  temperatures  and  it  becomes  very  difficult  to  effect  the  com¬ 
plete  reduction  of  the  MgS04  present  in  langbeinite.  It  was  also  established  that  decreasing  the  methane 
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concentration  In  the  reaction  zone  exerts  a  favorable  influence  on  the  average  rate  of  the  process,  and  also  on 
the  composition  and  structure  of  the  reduction  product. 

3.  The  obtained  experimental  results  indicate  that  It  is  possible  to  use  a  gas  variation  of  the  dry  process¬ 
ing  technique  to  convert  langbelnite  to  potassium  sulfate,  magnesium  oxide  and  sulfur. 
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PROCESS  OF  PHOSPHAT  ATION  OF  STEEL 

IN  THE  PRESENCE  OF  NITRATES  OF  TRIVALENT  METALS 

AND  NITRIC  ACID  (PART  III) 

I.  I.  Khain 

We  have  shown  previously  [1,  2]  that  the  process  of  phosphatation  and  the  properties  of  the  phosphate  layer 
obtained  are  affected  by  the  presence  of  nitrates  of  mono-  and  bivalent  metals  In  the  phosphatatlng  solution,  and 
that  the  importance  of  this  effect  depends  on  the  degree  to  which  a  given  salt  is  hydrolyzed. 

It  appears,  therefore,  of  interest  to  investigate  the  effect  of  nitrates  of  trivalent  metals  which  are  strongly 
hydrolyzed  in  aqueous  solutions. 

We  have  also  investigated  the  effect  of  free  nitric  acid  on  the  phosphatation  process. 

EXPERIMENTAL 

'rhe  samples,  the  phosphatatlng  reagent,  and  the  method  of  investigation  remain  the  same  as  those  de¬ 
scribed  previously  [1,  2]. 

The  nitrates  added  to  the  phosphatatlng  solutions  were  chemically  pure  aluminum,  chromium  and  iron 
nitrates,  and  also  nitric  acid. 

The  results  obtained  are  presented  separately  for  nitrates  of  trivalent  metals  and  nitric  acid. 

Effect  of  Aluminum,  Chromium  and  Iron  Nitrates 

Aqueous  solutions  of  aluminum,  chromium,  and  iron  nitrates  are  always  acid  due  to  hydrolysis,  accompanied 
by  liberation  of  free  nitric  acid.  Addition  of  these  nitrates  to  the  solution  of  phosphates  leads  to  a  considerable 
Increase  of  the  acidity  of  the  solution  (Fig.  1). 

It  must  be  noted  that  in  the  solution  of  primary  phosphates  of  iron  and  manganese  there  is  ordinarily  present 
a  deposit  of  undissolved  phosphates  which  is  the  product  of  their  hydrolysis;  when  the  concentration  of  these  nitrates 
increases,  this  deposit  first  decreases  and  then  completely  dissolves  due  to  a  progressive  increase  of  the  concentra¬ 
tion  of  free  nitric  acid  in  the  solution. 

The  duration  of  layer  formation,  as  judged  by  the  period  of  hydrogen  evolution  (Fig.  2)  and  the  volume  of 
hydrogen  evolved,  increases  considerably  with  the  concentration  of  nitrates  in  the  solution;  this  indicates  that  the 
rate  of  layer  formation  is  considerably  decreased.  When  the  concentration  of  aluminum  nitrates  exceeds  60  g/ liter, 
that  of  chromium  nitrate  50  g/ liter,  and  that  of  iron  30  g/ liter,  the  duration  of  hydrogen  evolution  exceeds  2  hours. 

The  weight  of  the  layer  formed  in  the  presence  of  aluminum,  chromium,  and  iron  nitrates  is  greatly  de¬ 
creased.  The  results  obtained  show  that  as  the  concentration  of  nitrates  increases,  the  formation  of  the  layer  is 
hampered,  probably  by  the  liberation  of  a  considerable  amount  of  free  nitric  acid. 

As  the  concentration  of  nitrates  becomes  very  high  the  loss  of  weight  of  the  original  samples  greatly  In¬ 
creases,  and  for  the  different  nitrates  the  weight  loss  increases  in  an  increasing  order  from  aluminum  to  iron 
nitrate;  it  must  be  noted  that  the  acidity  of  the  solution,  and  consequently  its  etching  capacity,  increase  in  the 
same  order. 
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Fig.  1.  Effect  of  the  concentration  of  ammoni¬ 
um  (1),  chromium  (2),  and  iron  (3)  nitrates  on 
the  acidity  of  the  solution.  A)  Quantity  of 
0.1  N  sodium  hydroxide  solution  (ml).  B)  Value 
of  pH.  C)  Concentration  of  nitrate  (g/ liter). 


Fig.  2.  Effect  of  the  concentration  of 
ammonium,  chromium,  and  iron  nitrates 
on  the  duration  of  hydrogen  evolution. 

A)  Duration  of  hydrogen  evolution  (min). 

B)  Concentration  of  nitrate  (gAiter), 


In  the  presence  of  aluminum  the  color  of  the  phosphate  layer  becomes  gray.  In  the  presence  of  chromium 
nitrate  the  layer  acquires  a  green  color  characteristic  of  chromium  compounds;  this  indicates  that  the  nitrates  not 
only  affect  the  duration  of  the  formation  of  the  protective  layer  but  also  intervene  in  its  formation.  Iron  nitrate 
leads  to  the  formation  of  a  predominantly  black  layer. 

Aluminum,  chromium,  and  iron  nitrates  contribute  to  the  formation  of  a  smooth  phosphate -oxide  layer. 
When  the  concentration  of  these  nitrates  increases,  the  microrelief  of  the  layer  becomes  irregular  and  etched 
metal  appears  in  isolated  areas  of  the  surface. 

The  protective  properties  of  the  layers  decrease  sharply  as  the  concentration  of  the  nitrates  increases.  The 
considerable  amount  of  free  nitric  acid  formed  in  the  solution  as  the  result  of  strong  hydrolysis  of  the  nitrates  of 
tri valent  metals  increases  the  solubility  of  phosphates  forming  the  layer.  Under  these  conditions  it  becomes  dif¬ 
ficult  to  produce  surface  layers  to  protect  the  metal  against  corrosion. 

Effect  of  nitric  acid.  These  results  as  well  as  the  results  of  the  Investigation  made  earlier  [1,  2]  show  that 
the  effect  of  nitrates  of  mono-,  bi-,  and  trivalent  metals  on  the  process  of  formation  and  properties  of  the  phos¬ 
phate  layer  differ  according  to  the  natureof  the  cation  of  the  nitrate  introduced  into  the  phosphatating  solution. 

We  have  explained  this  difference  in  the  effects  of  the  nitrates  [1]  by  the  difference  in  the  capacity  of  the 
salts  to  become  hydrolyzed,  with  liberation  of  free  nitric  acid,  which  modifies  the  process  of  formation  and 
properties  of  the  phosphate  layer. 

In  order  to  verify  this  explanation  we  investigated  the  process  of  formation  of  phosphate  layers  in  the  pres¬ 
ence  of  nitric  acid  (specific  gravity  1.39)  which  was  introduced  into  the  solution  as  free  nitric  acid.  The  results 
of  the  investigation  are  summarized  in  the  table. 

The  results  in  the  Table  show  that  nitric  acid  has  an  important  effect  on  all  the  factors  affecting  the  forma¬ 
tion  and  properties  of  phosphate  layers.  The  changes  registered  due  to  the  presence  of  nitric  acid  are  analogous 
to  those  induced  by  hydrolyzed  nitrates.  When  the  concentration  of  hydrolyzed  filtrates  or  nitric  acid  increases, 
the  acidity  of  the  solution  gradually  increases,  the  rate  of  layer  formation  first  increases  and  then  decreases,  the 
weight  of  the  layer  gradually  decreases,  a  phosphate -oxide  layer  Is  formed,  the  surface  of  the  layer  becomes  ir¬ 
regular,  and  the  protective  properties  of  the  layer  decrease. 
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Effect  of  the  Concentration  of  Nitric  Acid  on  the  Formation  Process  and  Properties  of  the 
Phosphate  Layer 
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Consequently  the  effects  of  hydrolyzed  nitrates  and  nitric  acid  on  the  process  of  formation  and  properties 
of  the  phosphate  layer  are  completely  analogous. 

Mechanism  of  the  Effect  of  Nitrates  on  the  Rate  of  Formation  of  Phosphate  Layers 

According  to  the  existing  theories  the  accelerating  effect  of  nitrates  on  the  formation  of  phosphate  layers 
can  be  explained  by  the  oxidizing  action  (depolarization  of  hydrogen  evolved)  due  either  directly  to  nitrates,  or 
rather  to  NO3’  ions  [3],  or  to  the  reduction  of  nitrates  by  nitrites,  or  NO2*  ions  [4].  Therefore  we  could  expect  that 
all  nitrates  should  accelerate  the  formation  of  phosphate  layers.  However,  our  results  show  that  only  certain  groups 
of  nitrates  accelerate  the  formation  of  phosphate  layers.  The  majority  of  nitrates  of  bivalent,  and  especially  tri- 
valent  metals,  considerably  slow  down  the  formation  of  phosphate  layers.  Sodium  and  potassium  nitrates  have  no 
effect  on  the  process  of  phosphate -layer  formation  [1].  Such  differences  in  the  effect  of  nitrates  on  the  duration 
of  layer  formation  have  not  been  explained  in  the  literature. 

The  variation  of  the  period  of  layer  formation  as  a  function  of  the  concentration  of  nitrates  cannot  be  ex¬ 
plained  on  the  basis  of  the  existing  theory,  and  in  fact  contradicts  it.  The  effect  of  calcium  and  strontium  nitrates 
is  characteristic:  the  rate  of  layer  formation  first  increases  and  then  decreases  as  their  concentration  in  the  solution 
increases  [2]. 

The  analysis  of  the  experimental  data  obtained  shows  that  the  cause  of  the  difference  in  the  effect  of  nitrates 
on  the  duration  of  layer  formation  can  be  completely  explained  if  one  assumes  that  nitric  acid  formed  in  the  solu¬ 
tion  as  the  result  of  hydrolysis  of  nitrates  has  a  decisive  effect  on  the  rate  of  layer  formation.  Since  the  salts  have 
different  tendencies  toward  hydrolysis  different  amounts  of  nitric  acid  are  formed  in  the  solution.  Therefore  the 
effect  of  nitrates  manifests  itself  differently  with  respect  to  the  rate  of  formation  and  properties  of  the  phosphate 
layers. 
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The  assumption  that  nitric  acid  has  a  decisive  effect 
allows  us  also  to  explain  the  character  of  the  relationship 
between  the  rate  of  layer  formation  and  the  concentration 
of  nitrates.  The  existence  of  a  minimum  on  the  curves 
representing  variation  of  the  rate  of  layer  formation  as  a 
function  of  concentration  of  nitrates  (Communication  2 
[2],  Figs.  6' and  7)  shows  that  under  the  effect  of  nitric 
acid  produced  by  hydrolysis  two  opposite  factors  compete 
in  their  effects  on  the  rate  of  layer  formation. 

One  of  these  factors  is  the  oxidizing  action  of  nitric 
acid,  which  intensifies  the  cathodic  process  and  leads  to 
the  increase  of  the  rate  of  layer  formation. 

The  second  factor  is  the  acidity  of  nitric  acid.  As 
the  acidity  of  the  solution  increases,  formation  of  the  layer 
becomes  more  difficult  and  the  rate  of  its  formation  de¬ 
creases,  since  the  solubility  of  phosphates  in  nitric  acid 
increases  with  the  concentration  of  the  acid.  According 
to  the  amount  of  nitric  acid  in  the  solution,  one  of  these 
predominates  and  the  predominance  of  that  factor  leads 
either  to  an  increase  or  decrease  of  the  rate  of  layer  forma¬ 
tion. 

Our  investigations  showed  that  the  duration  of  layer 
formation  in  the  presence  of  nitrates  varies  regularly  with 
the  concentration  of  the  acid  in  the  solution.  In  the  presence  of  nitrates  which  do  not  undergo  hydrolysis  (Na,  K) 
the  acidity  of  the  solution  and  the  rate  of  layer  formation  remain  unchanged.  Moderately  hydrolyzed  nitrates 
(NH4,  Mn,  Zn,  Cd)  only  slightly  increase  the  acidity  of  the  solution  and  therefore  increase  the  rate  of  layer  forma¬ 
tion.  Strongly  hydrolyzed  nitrates  (Al,  Cr,  Fe)  considerably  increase  the  acidity  of  the  solution  and  consequently 
slow  down  the  rate  of  layer  formation. 

Free  nitric  acid  introduced  into  the  solution  has  an  analogous  effect  on  the  rate  of  formation  of  phosphate 
layers.  For  low  concentrations  of  acid  the  rate  of  layer  formation  increases,  while  the  rate  of  layer  formation 
decreases  when  the  acidity  increases. 

There  is  a  complete  analogy  between  the  effect  of  nitric  acid  and  that  of  hydrolyzed  nitrates  on  the  proc¬ 
ess  of  layer  formation.  The  shape  and  position  of  the  curves  presented  in  Fig.  3  Illustrate  the  analogous  effect 
of  nitric  acid  and  hydrolyzed  nitrates;  these  curves  are  drawn  on  the  basis  of  the  data  obtained  for  the  variation 
of  the  period  of  layer  formation  as  a  function  of  the  acidity  of  the  solution  induced  by  nitrates  (at  a  concentra¬ 
tion  of  100  g/ liter)  and  of  free  nitric  acid  (results  summarized  in  the  table). 

The  shape  of  these  curves  and  the  presence  of  a  distinct  minimum  confirm  our  assumption  that  the  effect 
of  nitric  acid  on  layer  formation  is  the  result  of  the  effects  of  two  opposite  factors  induced  by  this  acid. 

Thus  we  may  consider  that  our  hypothesis  [1]  was  confirmed  experimentally;  according  to  this  hypothesis 
the  change  of  the  duration  of  phosphate-layer  formation  and  of  other  factors  under  the  effect  of  nitrates  is  due  to 
nitric  acid  formed  as  the  result  of  hydrolysis  of  the  salts  in  the  phosphatating  solution. 

The  nitrates  having  the  optimum  effect  have  been  chosen  for  practical  applications.  Thus  zinc  nitrate, 
contrary  to  other  nitrates  (NH4,  Mn,  and  Cd),  accelerates  the  rate  of  layer  formation  10-12  times  without  de¬ 
creasing  the  protective  properties  of  the  phosphate  layer.  Therefore,  we  have  chosen  this  salt  for  use  in  a  new 
accelerated  method  of  phosphatation  of  metals  [5,  6]. 

The  addition  of  calcium,  strontium,  and  barium  nitrates  to  the  solution  of  primary  phosphates  (Fe,  Mn, 
and  Zn)  leads  to  the  formation  of  a  new  type  of  phosphate -oxide  layer  which  provides  a  relatively  high  degree 
of  protection  and  is  decorative  even  when  its  thickness  is  small.  These  properties  of  phosphate -oxide  films  were 
the  basis  for  the  development  of  an  industrial  process  (alkali -free  oxidation)  for  the  protection  of  steel  [5,  6]  and 
zinc  [7]. 


Fig.  3.  Effect  of  nitric  acid  and  nitrates  on 
the  duration  of  the  formation  of  the  phos¬ 
phate  layer.  A)  Duration  of  layer  formation 
(min  ).  B)  Acidity  of  the  solution  (ml  of  0.1 
N  NaOH).  1)  Nitric  acid,  2)  nitrates. 
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The  theory  of  the  formation  of  phosphate  layers  developed  on  the  basis  of  our  results  shows  that  the  mechan¬ 
ism  of  this  layer  formation  is  controlled  essentially  by  the  supersaturation  of  the  solution  in  the  reaction  zone;  ex¬ 
perimental  results  confirming  this  theory  allowed  us  to  develop  a  third  type  of  method  of  protecting  metals  against 
corrosion,  namely  cold  phosphatation.  This  method  consists  of  using  high  concentrations  (100-300  g/ liter)  of  primary 
phosphate  (Fe,  Mn,  Zn)  and  makes  it  possible  to  obtain  phosphate  layers  either  by  immersing  the  metal  in  the  solu¬ 
tion  or,  in  the  case  of  large  structures  which  cannot  be  submerged  (ships,  for  example),  by  application  of  the  solu¬ 
tion  to  die  surface  [6,  9]. 

SUMMARY 

1.  Nitrates  of  trivalent  metals  (Al,  Cr,  and  Fe)  added  to  the  solution  of  primary  phosphates  considerably 
increase  its  acidity  and  slow  down  the  process  of  formation  of  the  phosphate  layer,  and  also  decrease  the  weight 
of  the  layer,  its  thickness,  and  its  resistance  to  corrosion. 

2.  As  the  concentration  of  nitric  acid  increases,  its  effect  on  the  process  of  formation  and  properties  of 
the  phosphate  layer  is  qualitatively  analogous  to  that  of  hydrolyzed  nitrates. 

3.  The  difference  in  the  effect  of  different  nitrates  on  the  rate  of  formation  and  properties  of  the  phosphate 
layer  is  due  to  the  different  amounts  of  nitric  acid  formed  in  the  solution  as  the  result  of  different  degrees  of  hy¬ 
drolysis  of  these  nitrates. 

4.  The  results  of  our  investigation  allowed  us  to  develop  three  new  methods  of  protecting  metals  against 
corrosion:  accelerated  phosphatation,  formation  of  phosphate-oxide  layers  (alkali-free  oxidation),  and  cold  phos¬ 
phatation;  these  three  methods  of  protection  have  found  practical  applications  in  different  branches  of  industry. 
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SOLUBILITY  OF  HYDROGEN  IN  STEEL 


AT  HIGH  TEMPERATURES  AND  PRESSURES* 


Yu.  I.  Archakov  and  V.  P.  Teodorovich 
All-Union  Scientific  Research  Institute  of  OH  Chemistry 


To  our  knowledge  there  does  not  exist  reliable  data  on  the  solubility  of  gases  in  metals  at  high  pressures 
and  temperatures.  A  number  of  investigators  [1-5]  have  made  experiments  within  a  wide  range  of  temperatures 
but  at  pressures  not  exceeding  1,5  kg/ cm*.  The  majority  of  data  concemit^  solubility  are  relative  to  pure  metals 
(iron,  nickel,  palladium)  or  double  alloys;  there  are  very  few  data  concerning  the  solubility  of  hydrogen  in  carbon 
steel  and  low  alloyed  steels  at  high  temperatures  and  pressures. 

The  solubility  of  gases  in  metals  at  high  temperatures  and  pressures,  particularly  the  solubility  of  hydrogen, 
is  of  great  theoretical  importance  in  the  investigation  of  a  number  of  problems  relative  to  metallurgy,  the  physics 
of  metals,  and  the  corrosion  of  metals. 

Materials  Investigated  and  Method  of  Investigation 

The  chemical  composition  of  the  steels  investigated  is  given  in  Table  1.  In  order  to  investigate  the  effect 
of  alloyed  elements  on  the  solubility  of  hydrogen  we  used  steels  containing  about  0.2*^  C  with  additions  of  chrom¬ 
ium,  vanadium,  and  titanium;  as  a  standard  of  comparison  we  used  steel  No.  20. 

TABLE  1 

Chemical  Composition  of  Steels  Investigated 


Type  of 
steel  or 
smelting  No 

Chemical  composition  (%) 

C 

Si 

Mn 

Nl 

3 

P 

Cr 

T1 

W 

V 

Ho 

20 

0.22 

0.32 

0.60 

0.10 

0.038 

0.007 

0.12 

lCrl8Ni9Ti 

0.09 

0.65 

1.20 

9.10 

0.025 

0.003 

18.40 

0.4 

— 

— 

2Crl8Ni9 

0.20 

0.70 

1.30 

9.60 

0.020 

0.003 

18.50 

— 

— 

_ 

2Crl3 

0.19 

0.68 

0.50 

0.45 

0.030 

0.005 

12.90 

_ 

_ 

_ 

— 

12Cr7CMdri 

0.12 

0.60 

0.55 

0.23 

— 

— 

7.00 

0.44 

_ 

_ 

0.50 

15Crl2VMoP 

0.15 

— 

— 

— 

— 

— 

12.70 

— 

0.6 

0.18 

0.48 

JVi  1 

0.20 

0.25 

0.39 

0.19 

0.022 

0.001 

3.05 

— 

— 

_ 

— 

AT.  2 

0.18 

0.26 

0.39 

0.18 

0.022 

0.002 

5.93 

_ 

_ 

_ 

_ 

M  3 

0.17 

0.22 

0.43 

0.21 

0.034 

0,002 

8.62 

— 

— 

_ 

— 

Jf!  4 

0.16 

0.20 

0.46 

0.20 

0.034 

0.001 

— 

0.48 

— 

_ 

— 

.Ns  5 

0.18 

0.14 

0.50 

0.19 

0.035 

0.002 

— 

— 

— 

0.48 

— 

•Work  begun  under  the  guidance  of  Professor  V.  V.  Ipatiev. 
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Fig.  1.  Diagram  of  the  apparatus  for  saturat¬ 
ing  metals  with  hydrogen.  1)  Tank,  2)  gas 
container,  3)  compressor,  4)  high-pressure  tank, 
.5)  autoclave,  6)  sample,  7)  furnace,  8)  release 
lever,  9)  water  tank,  10)  stopcocks,  11)  and 
12)  manometers. 
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Fig.  2.  Autoclave  for  saturating  samples  with 
hydrogen.  1)  Body,  2)  sample,  3)  insert,  4) 
blind  flange,  5)  channels,  6)  housing,  7)  copper 
gasket. 


To  investigate  the  effect  of  the  type  of  crystal 
lattice  on  the  solubility  of  hydrogen,  we  used  alloyed 
steels  of  the  austenitic  and  ferrite -martensite  class, 
widely  used  in  technology  necessitating  high  tempera¬ 
tures  and  pressures.  All  the  steels  were  annealed  before 
testing.  In  all  tests  we  used  technically  pure  hydrogen 
prepared  by  the  iron  vapor  method. 

The  tests  were  made  on  samples  9  mm  in  diameter 
and  25  mm  long.  It  is  well  known  that  a  large  part  of 
hydrogen  absorbed  at  high  temperatures  and  pressures  is 
released  to  the  surrounding  medium  during  slow  cooling 
and  relief  of  pressure.  Consequently  the  extraction  of 
hydrogen  from  metal  cooled  under  these  conditions  can¬ 
not  give  the  real  value  of  the  solubility  of  hydrogen  in 
the  metal.  Therefore  in  this  work  we  saturated  the  sam¬ 
ples  with  hydrogen  in  a  special  apparatus  which  made  it 
possible  to  cool  the  samples  from  high  temperatures  to 
room  temperature  without  relieving  the  pressure.  At 
room  temperature  the  diffusion  of  hydrogen  from  steel  is 
very  small  and  the  loss  of  hydrogen  is  reduced  to  a  min¬ 
imum  if  one  extracts  hydrogen  from  the  saturated  samples 
immediately  after  cooling. 

Figure  1  represents  the  diagram  of  the  apparatus  used 
for  the  saturation  of  steels  with  hydrogen.  From  the  tank, 

1,  hydrogen  passes  into  the  gas  container,  2.  From  the  con¬ 
tainer  the  gas  passes  into  a  five -step  compressor,  3,  which 
compresses  hydrogen  in  the  container,  4,  up  to  1000  kg/cm^. 
From  this  container,  4,  the  hydrogen  moves  through  high 
pressure  conduits  into  the  autoclave,  5,  containing  the 
sample,  6.  The  autoclave,  5,  is  placed  in  the  electric 
furnace,  7,  where  it  is  heated  to  the  desired  temperature. 

After  the  sample  is  maintained  in  the  autoclave  for 
a  period  of  time  sufficient  for  saturation  (a  period  deter¬ 
mined  by  preliminary  experiments)  the  lever,  8,  is  moved 
without  releasing  the  pressure  and  the  autoclave,  5,  falls 
into  the  tank,  9,  filled  with  water  and  ice.  Then  the  pres¬ 
sure  is  released  and  the  sample  removed  from  the  autoclave. 


Figure  2  represents  the  diagram  of  the  autoclave. 

The  body,  1,  which  is  made  of  lCrl8Ni9Ti  steel,  contains  the  sample,  2,  and  the  inlay,  3,  used  to  fix  the  sample 
in  the  center  of  the  autoclave.  The  bottom  of  the  autoclave  is  sealed  with  a  blind  flange,  4,  while  the  top  is  con¬ 
nected  with  the  high  pressure  line.  There  are  three  channels  in  the  autoclave,  5,  for  thermocouples,  which  are 
held  in  position  by  a  housing,  6. 


The  rate  of  cooling  of  the  hydrogenated  samples  is  the  most  important  factor  of  the  testing  method.  There¬ 
fore  it  was  necessary  to  check  the  rate  at  which  the  metal  in  the  autoclave  cooled  when  the  autoclave  was  plunged 
into  the  water.  To  determine  this  rate  of  cooling,  thermocouples  were  welded  to  samples  which  were  heated  to 
500“C  in  the  autoclave.  After  a  given  time  at  this  temperature  the  autoclave,  with  the  samples  at  atmospheric 
pressure,  was  plunged  into  the  water.  This  rate  of  cooling  is  represented  in  Fig.  3.  Thus  the  steel  under  investiga¬ 
tion  cools  at  the  same  rate,  which  confirms  the  correctness  of  the  proposed  method  of  investigating  the  solubility 
of  gases  in  metals. 
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Type  of  steel 
or  smelting 
No. 


lCrl8Ni9Ti 


Duration  of  Hydrogen  Test  of  steel 
saturation  content  I  or  smelting 
(hrs)  NO. 


Hydrogen 
content 
(ml/ 100  g 
steel) 


2Crl8Ni9 


12Cr7CMoTi 


15Crl2VMoP 


During  the  extraction  of  hydrogen*  from  the  different  steel  samples  it  was  observed  that  the  rate  of  evolu¬ 
tion  of  the  gas  is  different  for  different  steels.  For  example,  in  the  case  of  alloyed  steels  lCrl8Ni9Ti  and 
2Crl8Ni9  of  the  austenitic  type  the  evolution  of  hydrogen  resulting  from  extraction  at  550*C  continues  for  19-20 
hours,  while  for  all  the  other  steels  in  Table  1  the  evolution  stops  after  2  hours.  Figure  4  shows  the  rate  of 
hydrogen  evolution  at  550*0  for  several  steels  saturated  with  hydrogen  at  500*C  under  a  pressure  of  100  kg/ cm*. 


•  Hydrogen  was  evolved  from  the  samples  by  the  method  of  heating  the  metal  under  vacuum  [4]. 
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A 


Fig.  4.  Rate  of  hydrogen  evolution.  A)  Pressure 
of  evolved  hydrogen  (In  mm  of  mercury).  B)  ex¬ 
traction  time  (hrs).  Type  of  steel;  1)  2Crl3,  2) 
Steel  No.  20.  3)  ICrlBNiQTi,  4)  2Crl8Ni9. 


A 


Fig.  6.  Solubility  of  hydrogen  as  a  function  of 
pressure  at  t  =  S00*C.  A)  Quantitative  of  hydro¬ 
gen  dissolved  (ml/ 100  g  steel).  B)  Hydrogen  pres¬ 
sure  VF” ;kg/cm^).  Type  of  steel;  1)  2Crl3, 

2)  Steel  No.  20,  3)  lCrl8Ni9Ti,  4)  2Crl8Ni9. 


A 


Fig.  5.  Solubility  of  hydrogen  as  a  function  of 
the  chromium  content  of  steel.  (P  =  100  kg/ cm^, 
t  =  500*C).  A)  Quantity  of  hydrogen  dissolved 
(ml/ 100  g  steel).  B)  Chromium  content  (<7o). 

RESULTS  OF  THE  INVESTIGATION 

To  determine  the  solubility  of  hydrogen  In  different 
steels  (Table  1)  and  to  elucidate  the  effect  of  different 
alloyed  elements  we  performed  a  series  of  experiments 
at  500*C  under  a  pressure  of  100  kg/ cm*.  We  subjected 
each  type  of  steel  to  three  experiments,  each  one  of 
which  corresponded  to  a  different  period  of  saturation,  so 
as  to  determine  the  solubility  limit  of  the  gas  in  the  metal. 

The  results  of  these  experiments  are  shown  in  Table 
2;  the  solubility  of  hydrogen  is  greater  in  carbon  steels  con¬ 
taining  0.48<7o  vanadium  than  in  ordinary  carbon  steel. 

The  increased  solubility  in  steel  containing  vanadium 
can  be  explained  by  the  increase  of  the  parameters  of  the 
crystal  lattice,  occurring  during  the  formation  of  solid  solu¬ 
tions,  as  the  result  of  the  difference  between  the  atomic 
diameters  of  vanadium  and  iron. 

The  addition  of  up  to  13<7o  chromium  to  a  steel  con¬ 
taining  0.2<yo  C  induces  only  an  insignificant  increase  of 
solubility  of  hydrogen  (Table  2,  Fig.  5). 


Chromium,  which  forms  replacement  solid  solutions  with  iron,  is  practically  without  effect  on  the  parameters 
of  the  crystal  lattice  (the  difference  between  the  atomic  diameters  of  chromium  and  iron  is  1%).  It  is  probable  that 
the  presence  of  chromium  in  steel  has  very  little  effect  on  the  solubility  of  hydrogen. 


Alloyed  steels  of  the  austenitic  type,  lCrl8Ni9Ti  and  2Crl8Ni9,  dissolve  about  4  times  more  hydrogen  than 
carbon  steel  No.  20  and  about  6-7  times  more  than  alloyed  steels  of  the  ferrite -martensite  class,  2Crl3,  12Cr7CMori 
and  15Crl2VMoP  (Table  2). 


It  seems  to  us  that  this  can  be  explained,  by  the  difference  in  the  types  of  crystal  lattices  (which  Is  in  agree¬ 
ment  wi^h  the  results  obtained  by  Morozov  [3]  for  a  and  y-iron)  and  by  the  fact  that  in  these  steels  chemical 
compounds  between  nickel  and  hydrogen  may  be  formed. 

To  decide  whether  the  law  of  solubility  of  gases  in  metals  (V  =  K-/p)  can  be  extended  to  the  region  of  high 
pressures,  we  performed  experiments  at  .'i00“C  at  pressures  varying  from  25  to  500  kg/cm*  on  lCrl8Ni9TI, 2Crl8NI9, 
2Crl3  and  carbon  steel  No.  20.  The  results  of  these  experiments  are  shown  in  Table  3.  The  same  results  are  given 
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TABLE  3 


Solubility  of  Hydrogen  In  Steel  at  Temperatures  of  500‘and  Pressures  of  25-500  kg/cm* 


Quantity  of 

Solubility  of  hydrogen  (data 

Type  of  steel 

Test  No. 

Hydrogen 

hydrogen  dis¬ 
solved 
(ml/  lOOg 
steel) 

calculated  In  ml/ 100  g  steel) 

pressure 
(kg/ cm*) 

according  to 
Schenck  12] 

according  to 
SIvetrts  (IJ 

1 

25 

1.80 

2 

.•)0 

3.57 

— 

— 

20 

3 

100 

7.80 

7.64 

12.3 

4 

150 

8.30 

9.35 

15.0 

5 

200 

9.44 

10.80 

t7.7 

1 

25 

12.20 

_ 

_ 

2 

55 

22.30 

— 

— 

lCrl8Ni9Ti 

3 

4 

KK) 

225 

30.00 

42.70 

— 

I 

5 

380 

59..50 

— 

— 

6 

500 

66.50 

— 

— 

1 

25 

17.50 

_ 

— 

2 

55 

28.00 

— 

— 

3 

100 

35.00 

_ 

— 

2Crl8N19 

4 

220 

5.5..50 

— 

_ 

r> 

300 

64.20 

... 

— 

(i 

360 

67.20 

— 

— 

7 

500 

78.50 

1 

50 

2.52 

— 

2 

100 

4.40 

— 

— 

2Crl3 

;i 

4 

225 

2!)0 

6.20 

6.20 

— 

5 

360 

6.89 

— 

fi 

500 

8.(K) 

in  Fig.  6  In  coordinates  representing  the  solubility  of  hydrogen  (in  ml/ 100  g  steel)  and  these  curves  show 
that  for  all  the  steels  Investigated  the  solubility  of  hydrogen  is  directly  proportional  to  the  the  square  root  of  the 
pressure. 

The  experimental  results  (Table  3)  differ  from  the  values  obtained  as  the  result  of  extrapolation  of  the  data 
of  solubility  obtained  by  Slevertsfl],  while  they  are  in  good  agreement  with  more  recent  data  obtained  by  Schenck 
[2]. 

The  results  of  our  experiments  allow  us  to  conclude  that  the  law  of  solubility  of  gases  in  metals  expressed 
by  the  formula  V  =  K  is  apparently  valid  also  for  high  pressures  of  gases  in  the  case  of  pure  metals  as  well 
as  in  the  case  of  different  types  of  steels. 


SUMMARY 

1.  We  have  studied  the  solubility  of  hydrogen  in  different  steels  at  500®C  at  different  pressures  up  to  500 
kg/ cm*;  it  was  found  that  the  solubility  of  hydrogen  at  500'’C  and  100  kg/ cm*  Is  4  times  greater  in  the  austenitic 
steels  lCrl8NI9Tl  and  2Crl8Ni9  than  in  steel  No.  20,  and  about  6  times  greater  than  in  alloyed  steels  of  the  ferrite- 
martensite  class  (2Crl3,  12Cr7CMoTI,  and  15Crl2VMoP). 

2.  Our  experiments  have  confirmed  the  fact  that  for  steels  No.  20,  2Crl3,  lCrl8Ni9Ti  and  2Crl8NI9Tl  at 
500*C  and  at  pressures  up  to  500  kg/ cm*  the  law  of  solubility  of  gases  In  metals,  V  =  K-/F.  holds. 
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AND  ITS  COMPONENTS  ON  MOLYBDENUM.  TUNGSTEN, 
ZIRCONIUM.  TANTALUM  AND  NIOBIUM 

E.  I.  Gurovich  and  G.  P.  Shtokman 


In  earlier  investigations  [1]  we  showed  that  the  corrosion  behavior  of  steels  in  fused  nitrate— nitrite  mix¬ 
ture  (composition  .53%  KNO3.  40%  NaN02  and  7%  NaNOj)  depends  to  a  large  extent  on  the  presence  of  other 
alloying  elements  in  the  steels.  Chromium,  for  instance,  makes  steel  less  resistant  to  corrosion  due  to  develop¬ 
ment  of  alkalinity  in  the  melt  after  more  or  less  prolonged  heating.  Additions  of  nickel  to  steels  lead  to  im¬ 
proved  resistance  In  the  melt  in  full  agreement  with  our  investigations  of  the  action  of  nitrates  on  metals  [2]. 
Steels  alloyed  with  niobium  or  vanadium  were  more  or  less  stable  only  up  to  S50".  Steels  containing  molybde¬ 
num  and  tungsten  had  extremely  poor  corrosion  resistance  in  fused  nitrate— nitrite  mixture. 

We  wished  to  determine  the  effect  of  certain  steel-alloying  components  on  the  stability  of  these  steels  in 
fused  nitrate— nitrite  mixture  or  in  melts  containing  components  of  this  mixture.  For  this  purpose  we  investigated 
the  behavior  of  such  media  on  potential  and  actual  alloying  additives  such  as  molybdenum,  tungsten,  zirconium, 
tantalum  and  niobium. 

We  tested  the  action  on  the  above  metals  of  a  fused  mixture  of  KNO3,  NaNOj  and  NaNOz  at  various  tem¬ 
peratures  and  for  various  periods  of  immersion  In  the  melt. 


EX  PERIMENTA  L 


Tests  on  the  above  metals  were  carried  out  In  quartz  containers.  Specimens  of  the  metals  were  set  up  at 
the  bottom  of  the  vessels  in  such  a  manner  that  they  were  uniformly  washed  by  the  melt  during  the  test  period. 

Degree  of  Purity  of  the  Metals  Tested 


Molybdenum 
T  ungsten 
Zirconium 
Tantalum 
Niobium 


99.96%  (traces  of  C,  Oj  and  N2) 
99.1%  (traces  of  C,  SiOj) 

99.9%  (traces  of  Hf,  Zn) 

99.8%  (traces  of  Nb,  Oj) 

99.6%  (traces  of  C,  Ta,  O2) 


Molybdenum  was  tested  in  nitrate— nitrite  mixture  at  temperatures  of  2.50,  300,  3.50  and  400“.  The  dura¬ 
tion  of  the  tests  ranged  from  .5  min  to  1  hr  (5,  10,  1.5,  2.5,  30  and  60  min).  Similar  tests  were  applied  in  melts 
of  KNO3,  NaNOs  and  NaN02  at  temperatures  of  300,  3.50  and  400*  (depending  on  the  melting  point  of  the  com¬ 
ponent,  the  lowest  test  temperature  was  selected). 


Solution  isotherms  of  molybdenum  in  melts  of  the  above  salts  are  plotted  in  Fig.  1. 

Inspection  of  the  curves  indicates  that  solution  of  molybdenum  In  the  melts  is  intensified  with  rising  tem¬ 
perature  and  with  duration  of  testing.  We  see,  for  example,  from  the  3.50*  curves  that  the  fused  salt  with  the 
greatest  action  on  molybdenum  is  NaNOs  (rate  of  corrosion  about  860  g/m*-hour).  This  is  followed  by  NaNOj 
(about  700  g/m**hour);  the  melt  of  the  mixture  of  these  two  salts  occupies  the  third  place  (about  .5.50  g/m*  -  hour); 
finally  we  have  KNO3  as  the  salt  with  the  least  action  on  molybdenum  (about  220  g/m*'hour). 


27.51 


Fig.  1.  Solution  isotherms  of  Mo  in  fused  salts. 
A)  Losses  by  corrosion  (in  g/m*);  B)  time  in 
min.  1)  NaNOj,  2)  NaNOs,  3)  mixture,  4) 
NaNOa,  5)  NaNOj.  6)  mixture.  7)  KNO3. 

8)  mixture,  9)  NaNOj,  10)  mixture. 


A 


Fig.  2.  Solution  polytherms  of  Mo.  A)  Losses 
from  corrosion  (in  g/m*  hour);  B)  tempera¬ 
ture  (*  C),  1)  NaNOs,  2)  NaNOj,  3)mixture, 

4)  KNO3 


We  see  from  Fig.  1  that  in  melts  of  NaNOs  and  NaNO| 
the  tests  had  to  be  terminated  at  400*  due  to  com¬ 
plete  oxidation  of  the  specimen  considerably  in  advance 
of  the  programmed  period.  We  know  that  molybdenum 
is  strongly  oxidized  in  the  air  at  temperatures  above  400* 
[3,  4].  In  our  case  the  oxidation  process  is  evidently  ef¬ 
fected  at  the  expense  of  the  oxygen  of  one  salt  or  the 
other.  This  intensification  of  molybdenum  oxidation 
with  rising  temperature  is  illustrated  by  the  curves  of 
Fig.  2  (polytherms  of  solution  of  molybdenum). 

Exposure  of  molybdenum  at  450“  to  fused  nitrate— 
—nitrite  mixture  led  after  only  two  min  to  ignition  and  to 
complete  combustion  cf  the  specimen.  The  salt  of  molyb' 
die  acid  was  detected  afterwards  in  the  melt. 

On  the  basis  of  chemical  analyses  of  the  salt  melts 
after  the  tests  and  of  analysis  of  the  gas  phase  (due  to  the 
reaction  during  dissolution  of  molybdenum,  the  procedure 
was  modified  in  this  case  by  use  of  a  sealed  apparatus  in 
order  to  enable  trapping  of  the  released  gases),  the  process 
of  interaction  of  molybdenum  with  melts  of  the  above  salts 
and  their  mixtures  can  be  represented  by  the  following 
equations: 

2NaN03  -j-  Mo  — Na2MoO^  -|-  N2  -I-  O2,  m  j 


2NaN02“|“Mo  — >  Na2Mo04 -|- N2»  (2) 

Analysis  of  the  gas  phase  revealed  the  presence  of 
nitrogen  and  oxygen.  Oxides  of  nitrogen  were  only  detected 
in  a  few  cases  and  in  the  first  seconds  of  the  experiments. 

After  an  experiment  the  melt  has  an  alkaline  reac¬ 
tion.  Decomposition  of  Na2Mo04  to  Na20  and  M0O3  is 
possible. 

Tests  on  molybdenum  in  fused  nitrates,  nitrites  and 
their  mixture  showed  very  clearly  that  steel  alloyed  with 
molybdenum  should  not  be  used  for  operations  with  the 
above  fused  salts  unless  molybdenum  forms  with  other 
components  of  the  steel  more  stable  solid  mixtures  or 
chemical  compounds.  In  the  steels  that  we  previously 
tested  [1]  such  stable  molybdenum  compounds  were  evident 
ly  not  formed. 


Tungsten  was  tested  in  fused  nitrate— nitrite  mixture  at  200,  250,  300  and  350*;  the  test  period  was  1  hr. 
Attempts  to  carry  out  tests  at  400"  led  to  ignition  and  complete  burning  of  the  specimen.  At  the  same  time  the 
tungsten  oxidation  reaction  raised  the  temperature  from  400"  to  about  700*  (the  temperature  of  the  melt  was 
measured  by  an  immersed  thermocouple  shielded  by  a  thin  quartz  test  tube). 


We  see  from  Fig.  3  that  corrosion  of  tungsten  in  nitrate— nitrite  melt  increases  with  rising  temperature.  At 
200*  it  is  5.27  g/ m*  •  hr  while  at  350*  it  reaches  the  enormous  value  of  1160  g/m*  •  hr. 
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Fig.  3.  Solution  polytherms  of  W,  Mo,  Nb 
and  Ta.  A)  losses  by  corrosion  (in  gA^^^'hr); 
B)  temperature  (  *  C).  1)  mixture,  2) 

mixture,  3)  NaNOj,  4)  NaNOj,  fi)  NaNOj, 

6)  mixture. 


Fig.  4.  Solution  poly  therms  of  Zr  and 
Ta.  A)  Losses  by  corrosion  (In  g/hi**hr)} 
B)  temperature  (  "  C),  1)  NaNOs,  2) 

KNO,,  3)  mixture.  4)  NaNOj,  5)  NaNO*. 
6)  mixture. 


Chemical  analysis  of  the  melt  after  an  experiment  and  analysis  of  the  gas  phase  indicates  that  tungsten 
can  react  with  the  melt  in  accordance  with  the  equations 


2NaNO,-f  W  Na^WO* -I- Nz  +  O2, 
2NaN02-fW  Na2W04  4-N2. 


(3) 

(4) 


The  results  show  that  tungsten  is  even  less  desirable  than  molybdenum  as  an  alloying  component  in  steel. 

Tests  on  the  reaction  of  tantalum  with  melts  of  nitrate— nitrite  mixture  and  its  components  were  carried 
out  at  200,  250,  300,  350,  400,  450,  500,  550  and  600*.  Immersion  periods  in  each  series  were  15,  30  and  60 
mlnj  for  the  NaNOz  melt  the  immersion  period  was  the  same  but  the  test  temperatures  were  450,  500,  550  and 
600°;  for  KNOs  the  immersion  period  was  also  the  same  but  the  test  temperatures  were  400,  450,  500,  550  and 
600*;  for  NaNOi  the  Immersion  period  was  60  min  and  the  test  temperatures  were  400,  450,  500,  550  and  600*. 

In  nitrate— nitrite  melt  the  losses  of  weight  of  the  samples  were  extremely  small  up  to  500*,  but  at  higher 
temperatures  they  were  0. 2-0.4  g/m*  -  hr  (Fig.  4). 

In  NaNO^  melt  at  600*  the  losses  by  corrosion  of  tantalum  were  about  1.2  g/m**hr. 

At  the  same  temperature  (600“)  in  KNO3  melt  the  corrosion  of  tantalum  Increased  to  5  g/m*  *  hr,  while  at 
lower  temperatures  it  fell  appreciably— to  0.4  g/m*  •  hr  at  450*. 

In  NaNOz  melt  at  600“  tantalum  lost  about  60  g/m*  •  hr  by  corrosion;  at  450*  the  loss  was  about  8  g/m*  *  hr. 

After  the  tests  the  samples  had  a  white  film  of  tantalum  oxide  (TazOs),  and  the  liberated  gas  contained  nitro¬ 
gen  and  oxygen;  the  melt  was  always  alkaline  after  an  experiment.  In  the  light  of  these  observatioiK,  the  reactions 
during  these  tests  might  be  represented  by  the  equations; 

2NaN03  -f  2Ta  Ta^Os  NagO  -f  Nz, 

4NaN02-f  2Ta  TazOg-}- 2Na20 -f  2N2  +  0, 


(5) 

(6) 
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These  investigations  have  shown  that  tantalum  is  considerably  more  stable  in  melts  of  nitrates  and  nitrites 
than  are  the  previously  tested  metals.  A  steel  alloyed  with  tantalum  must  therefore  have  greater  resistance  to 
corrosion  In  contact  with  fused  nitrates,  nitrites  and  their  mixtures. 

Figure  4  also  shows  the  corrosion  losses  of  zirconium  which  was  tested  both  In  nitrate— nitrite  mixture  and 
In  melts  of  the  separate  components.  In  all  cases  the  tests  extended  over  1,  2  and  6  hr  at  temp>eratures  of  400  to 
600*j  in  addition  tests  with  nitrate— nitrite  mixture  were  run  at  200.  2;.0,  300  and  3fi0*. 

Losses  by  corrosion  in  nitrate— nitrite  mixture  were  0.07  to  1.12  g/m**hr;  for  NaNOj  they  were  0  to  1.96 
g/m*  'hr;  for  KNOs  they  were  0  to  1.75  g/m*  hr;  and  for  NaNOs  they  were  0  to  0.42  g/m*  •  hr. 

The  possible  reactions  may  be  expressed  by  the  equations; 

4NaN03-f  Zr  ->  ZrOj  +  2NaaO -|- 2NO2  +  N,  + 20j, 

4NaN02"|'Zr  ZrOj-f'ZNa^O  “1”2N02-|- N2. 

These  reaction  equations  are  supported  by  the  alkaline  reaction  of  the  salts  after  the  tests,  by  the  libera¬ 
tion  of  oxides  of  nitrogen,  nitrogen, and  oxygen,  and  by  the  formation  on  the  samples  of  films  of  different  oxida¬ 
tion  stages  and  ranging  in  color  from  blue  to  gray. 

Zirconium  can  be  recommended,  in  addition  to  tantalum,  as  an  alloying  additive  to  steels  for  use  with 
nitrates  and  nitrites  in  the  fused  state. 

Figure  3  contains,  in  addition  to  data  for  molybdenum,  tungsten  and  tantalum,  a  plot  of  the  loss  of 
niobium  by  corrosion  after  exposure  to  a  bath  of  sodium  nitrate  at  temperatures  of  350  ,  400  ,  450  ,  500  and  600*. 
Each  of  the  tests  extended  over  an  hour. 

Corrosion  of  niobium  increases  with  rising  temperature  from  0.14  to  120  g/m*’hr. 

The  specimens  became  covered  with  a  white  film  of  oxide  (NbjOs)  during  the  tests,  the  melt  afterwards 
had  an  alkaline  reaction,  and  nitrogen  came  off  during  the  tests.  We  can  therefore  represent  the  reaction  of 
niobium  with  the  fused  salt  by  the  equation 

2NaN03  -}-  2Nb  — >  NbjOs  ~1~  Na20  -j-  N2 

(9) 

On  die  basis  of  the  results,  the  application  of  niobium  as  an  alloying  component  must  be  limited  to  steels 
for  use  at  a  maximum  temperature  of  400*.  Niobium  has  poor  resistance  above  this  temperature  In  fused  nitrates, 
nitrites  or  their  mixtures.although  it  is  very  much  more  resistant  than  molybdenum  and  tungsten. 

SUMMARY 

Of  the  metals  tested,  the  least  resistant  in  fused  nitrates,  nitrites  and  their  mixtures  is  tungsten;  next  in 
order  is  molybdenum.  The  other  metals  that  were  tested  are  very  much  more  resistant;  in  respect  of  stability 
diey  can  be  put  in  the  order:  zirconium  (the  most  stable),  tantalum,  niobium.  The  last  metal,  however,  is  very 
much  more  resistant  to  corrosion  than  tungsten  and  molybdenum.  The  fused  salts  and  their  mixtures  also  differ 
In  their  reactivity  towards  each  metal. 

2.  Molybdenum  and  tungsten  should  not  be  present  as  alloying  components  in  steels  that  must  come  into 
contact  with  fused  nitrates,  nitrites  and  their  mixtures.  ‘On  the  other  hand  the  other  metals  tested  can  enter  into 
the  composition  of  steels  Intended  for  contact  with  the  same  salts  at  high  temperatures. 
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THE  FORMATION  AND  STABILITY  OF  COLLOIDAL  COMPOUNDS  OF  NICKEL 
IN  THE  ELECTROLYTE  OF  ELECTROLYZER  BATHS 


A.  L.  Rominyan  and  E.  S.  Kozich 


The  literature  has  often  emphasized  the  important  role  of  colloidal  formations  in  the  process  of  electro¬ 
deposition  of  nickel  [1].  Formation  of  colloidal  compounds  of  hydrated  nickelous  oxide  or  basic  salts  of  nickel 
is  considered,  in  particular,  to  be  responsible  for  the  "critical"  pH  value  of  the  electrolyte  above  which  the 
cathodic  deposits  acquire  increased  hardness  [2].  Ultramicroscopic  studies  of  nickel  solutions  have  also  led  to 
the  conclusion  that  even  at  extremely  high  pH  values  in  the  near -cathode  film  no  colloidal  structures  are  devel¬ 
oped  during  electrolysis  of  nickel  [3]. 

Potentiometric  measurements  have  shown  [4]  that  sparingly  soluble  compounds  are  formed  in  the  nickel 
electrolyte  at  fairly  low  pH  values,  especially  in  presence  of  boric  acid.  It  was  then  established  that  In  the  nickel 
electrolyte  containing  boric  acid  the  sparingly  soluble  particles  are  nickel  diborate— 2H3BO3  *  Ni(OH)2  [5],  in  a 
pure  solution  of  nickel  sulfate  the  particles  are  3NiS04*  4Ni(OH)2,  while  at  higher  activities  of  tlie  nickel  sulfate 
and  In  dilute  solutions  the  particles  consist  of  Ni(OH)2  [6]  or  NiS04*  9NI(OH)2  [7]. 

Examination  of  the  processes  taking  place  near  the  cathode  show  that  in  a  nickel  electrolyte  the  alkalinity 
Imparted  to  the  near-cathode  film  in  some  cases  can  reach.but  not  exceed. the  value  of  acidity  corresponding  to 
the  start  of  formation  of  solid  phase  [8]. 

We  believe  there  is  no  doubt  that  under  certain  conditions  colloid  structures  can  be  formed  at  the  near¬ 
cathode  film  of  electrolyte,  as  well  as  within  the  layer.  The  problem  of  the  stability  of  the  colloids  in  the  elec¬ 
trolyte,  however,  has  not  previously  been  studied. 

The  relation  between  potentiometric  titration  data  and  the  optical  properties  of  the  solution  is  abo  obscure. 
The  existing  method  of  control  of  the  start  of  formation  of  solid  phase  by  visual  observation  of  the  development 
of  a  Tyndall  cone  [4]  is  a  sensitive  indication  of  formation  of  solid  phase  but  is  inadequate  for  characterization 
of  the  stability  of  the  colloidal  compounds.  In  the  present  work  we  have  therefore  made  use  of  the  nephelome¬ 
tric  method  of  Zhurin  and  Shoikhet  [9]  for  study  of  the  stability  of  the  colloids. 

We  modified  the  method  of  Zhurin  and  Shoikhet  in  that  the  potentiometric  titration  of  the  electrolyte  with 
alkali  was  performed  directly  in  the  cell  of  the  Pulfrich  nephelometer;  also  the  turbidity  (expressed  as  scale  divi¬ 
sions)  was  measured  during  the  experiment  and  not  after  completion  of  the  titration  and  formation  of  deposit  as 
in  the  procedure  of  Zhurin  and  Shoikhet.  The  pH  was  also  measured  during  the  experiment  (with  the  aid  of  a 
glass  electrode  immersed  in  the  cell).  The  reagents  for  the  investigations  were  carefully  purified  beforehand. 

Figure  1  contains  plots  of  a  series  of  measurements  of  the  turbidity  index  and  pH  value  during  titration 
with  alkali  of  nickel  sulfate  solutions  (1  N  NiS04)  with  addition  of  various  amounts  of  boric  acid.  After  addition 
of  each  portion  of  alkali,  the  solution  was  stirred  mechanically  until  visual  observation  indicated  no  further  change 
in  turbidity.  This  stage  was  usually  reached  after  several  minutes. 

These  experiments  show  that  when  alkali  is  added  to  the  electrolyte  the  Initial  turbidity  either  does  not 
increase  at  all  at  first  or  Increases  to  an  insignificant  extent.  Subsequently  the  straight-line  relation  changes 
abruptly  and  the  turbidity  of  the  solution  commences  to  Increase.  The  inflection  on  the  curve  evidently  marks 
the  development  in  the  solution  of  colloidal  particles  whose  dimensions  are  such  as  to  scatter  rays  of  transmitted 
light.  Comparison  of  the  turbidity  curves  with  the  potentiometric  titration  curves  shows  that  the  colloidal 
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Fig.  1.  Curves  of  turbidity  index  and  potentiometric 
titration  of  nickel  sulfate  solution(30  g  Ni/ liter)  con¬ 
taining  various  amounts  of  boric  acid.  A)  pH  value, 
B)  divisions  of  nephelometer  scale,  C)  quantity  of 
0.1  N  NaOH  solution  (in  ml).  H3BO3  (in  g/ liter);  1)  0, 
2)2,  3)  2.5,  ^  3,  5)  5,  6)8,  7)12,  8)20. 
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Fig.  2.  Influence  of  concentration  of 
sodium  sulfate  in  electrolyte  on  stability 
of  the  colloidal  particles.  A)  Scale  divi¬ 
sions  of  nephelometer,  B)  pH  value, 

C)  quantity  of  0.3  N  NaOH  solution  (in 
ml).  Na2S04  (g/Uter):  1)  100,  2)  50, 

3)  0. 


Fig.  3.  Influence  of  sodium  chloride  con¬ 
centration  in  electrolyte  on  stability  of 
colloidal  particles.  A)  Scale  divisions  of 
nephelometer,  B)  pH  value,  C)  quantity  of 
0.3  N  NaOH  solution  (In  ml).  NaCl  (in 
g/ liter).  1)  0,  2)  50. 


particles  of  the  solid  phase  are  already  formed  on  addition 
of  0.5-1  ml  of  alkali.  We  can  accordingly  assume  that  the 
continuation  of  the  horizontal  portion  of  the  turbidity  curves 


corresponds  to  the  formation  of  micelles  of  such  small  size  that  they  are  not  amenable  to  determination  by 
the  nephelometric  method.  The  portion  of  the  horizontal  part  of  the  turbidity  curve  starting  from  the  point  of 
commencement  of  development  of  colloidal  particles  and  continuing  up  to  the  inflection  of  the  turbidity  curve 
consequently  characterizes  the  degree  of  stability  of  the  colloids. 


A  number  of  factors  affect  the  stability  of  the  micelles.  To  a  very  large  extent  the  stability  depends  pri¬ 
marily  on  the  boric  acid  concentration  in  the  electrolyte.  High  boric  acid  concentrations  increase  the  stability 
relative  to  the  stability  in  boric-acid -free  nickel  solution.  But  the  stability  of  the  colloidal  solution  decreases 
sharply  with  decreasing  boric  acid  concentration.  In  presence  of  3-4  g  H3BO3/ liter  the  stability  falls  to  a  min¬ 
imum  which  Is  lower  than  that  in  pure  nickel  sulfate  solution.  This  minimum  is  probably  caused  by  the  isoelec¬ 
tric  point  lying  at  pH  values  equal  to  those  of  the  start  of  formation  of  solid  phase  under  these  conditions. 

In  later  series  of  experiments  the  influence  of  sodium  sulfate  and  chloride  on  the  stability  of  the  micelles 
in  nickel  solution  was  studied.  We  see  from  Figs,  2  and  3  that  sodium  sulfate  increases  and  sodium  chloride 
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Fig.  4.  Influence  of  organic  additions  on  stab¬ 
ility  of  the  colloidal  particles.  Composition  of 
electrolyte  (in  g/liter):  Ni— 40,  NaCl— 23.2, 
Na2S04— 47.9,  H^Oj— 0.  The  organic  concen¬ 
tration  was  expressed  as  milligrams  of  carbon 
per  liter  of  solution.  A)  Scale  divisions  of 
ncphelometer,  B)  pH  value,  t^)  quantity  of  0.3 
N  NaOH  solution  (in  ml).  Carbon  (in  mg/ liter): 
1-.50.  2-38,  3-30,  4-20,  .5-14,  6-8. 


Fig.  .5.  Comparative  curves  of  turbidity 
index  of  solution  and  internal  stresses  in 
cathodic  deposits  obtained  from  the  same 
solution.  Composition  of  solution  (in 
g/liter):  Ni-50,  NajSO^-dO,  NaCl-50. 
A)  Value  of  P  (in  kg/ cm*),  B)  scale  divi¬ 
sions  of  nephelometerj  C)  pH  value  at 
50*.  1)  Internal  stresses,  2)  turbidity. 


Fig.  6.  Comparative  curves  of  turbidity 
index  of  a  solution  and  of  hardness  of 
cathodic  deposits  obtained  from  the  same 
solution.  Composition  of  solution  (in 
g/liter):  Ni-50,  Na2SO4-40,  NaCl-50, 

H3BO3— 20.  A)  Value  of  P  (in  kg/ cm*), 

B)  pH  value  at  50®,  C)  scale  divisions  of 
nephelometer.  1)  Internal  stresses,  2) 
turbidity. 

nephelometer.  At  cathodic  potentials  corresponding 
the  nickel  surface  is  more  positive  than  the  cathodic 
is  negatively  charged. 


decreases  the  stability  of  the  colloidal  particles.  Very 
small  additions  of  organic  substances  (an  aqueous  extract 
of  wood  shavings)  reduce  the  stability  to  a  considerable 
extent  and  coagulate  the  micelles  (Fig.  4).  Addition  of 
the  extract  in  quantity  equivalent  to  50  mg  carbon/ liter 
thus  substantially  reduces  the  stability  to  zero.  This  is 
characterized  by  the  coincidence  of  the  inflections  of 
the  curves  of  turbidity  and  pH  values  at  the  axis  of  the 
abscissas.  The  carbon  content  of  the  extract  was  deter¬ 
mined  in  the  electrolyte  after  a  predetermined  volume 
of  extract  had  been  added. 

In  later  series  of  experiments  we  established  a  rela¬ 
tion  between  the  turbidity  curves  and  the  internal  stresses. 
The  latter  were  determined  by  the  previously  described 
method,  using  a  contactometer  [10],  in  the  same  solution 
in  which  the  turbidity  index  had  previously  been  deter¬ 
mined.  The  curves  obtained  are  presented  in  Figs.  5  and 
6.  In  the  absence  of  boric  acid  from  the  electrolyte  the 
inflection  on  the  internal-stresses  curve  was  much  higher 
than  that  on  the  turbidity  curve  (Fig.  5).  This  points  to 
the  formation  in  a  pure  nickel  electrolyte  of  exceedingly 
fine  colloidal  particles  which  are  intensively  adsorbed  by 
the  cathodic  deposit  and  increase  the  internal  stresses  in 
the  deposit  even  before  the  particles  are  detected  by  the 
to  electrolysis  conditions,  the  zero  discharge  potential  of 
potential,  and  therefore  the  surface  of  the  nickel  cathode 


Consequently  the  intensive  adsorption  by  the  cathode  surface  of  the  colloidal  particles  is  evidence  of  their 
positive  charge.  Conversely,  in  presence  of  boric  acid  the  inflections  on  the  curves  of  turbidity  and  internal  stresses 
are  located  at  very  similar  pH  values.  This  indicates  that  very  fine  colloidal  particles  are  not  adsorbed  by  the 
cathode  surface  (their  charge  is  negative).  Only  after  the  particles  have  considerably  increased  in  size  and  have 
consequently  lost  their  aggregative  strength  does  the  phenomenon  of  their  adsorption  start  to  influence  the  grow¬ 
ing  cathodic  deposit. 


27.57 


In  conclusion  we  may  note  that  the  foregoing  experiments  provide  an  explanation  of  the  discrepancies  be¬ 
tween  our  results  [4]  and  those  of  Vozdvizhenskii  [3]  if  we  postulate  that  under  the  conditions  of  experiments 
with  the  ultramicroscope  a  stable  colloidal  system  with  very  small  micelles  was  formed. 

SUMMA  RY 

1.  A  study  by  the  nephelometric  and  potentiometrlc  methods  of  colloidal  hydrated  nickelous  oxide  or 
basic  nickel  salts  obtained  in  a  nickel  solution  when  the  latter  is  made  alkaline  revealed  a  considerable  aggre¬ 
gative  stability  of  the  micelles  in  nickel  sulfate  solution.  The  stability  of  the  colloidal  system  was  also  found 
to  be  influenced  by  boric  acid,  sodium  sulfate  and  chloride,  and  an  *(Kganlc*  additive. 

2.  Comparison  of  nephelometric  and  contactometric  results  revealed  that  the  sign  of  the  charge  on  colloidal 
particles  when  nickel  sulfate  solution  had  been  made  alkaline  in  presence  of  brxic  acid  was  different  from  that  in 
absence  of  boric  acid. 
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INVESTIGATION  OF  THE  INFLUENCE  OF  ORG  A  N  OPOL  YSI LOX  A  N  E  COATINGS 
ON  THE  ADHESION  OF  ICE  TO  VARIOUS  SURFACES 

K.  A.  Andrianov,  B.  V.  Deryagin,  N.  N.  Zakhavaeva,  M.  V.  Sobolevskli 
and  M.  V.  Talaev 


By  the  term  "Ice  formation*  is  understood  the  formation  of  ice  coatings  on  surfaces  under  certain  meteoro¬ 
logical  conditions  or  under  conditions  of  use  of  refrigerating  equipment. 

The  study  of  the  processes  of  ice  formation  is  of  great  practical  interest  in  aviation,  in  the  prevention  of 
icing  of  electrical  conductors  exposed  to  atmospheric  conditions,  and  for  the  operation  of  pipes  in  refrigerators, 
etc.  Ice  formation  on  aircraft  is  a  serious  hindrance  to  efficient  working  of  air  transport  services.  Ice  formation 
on  conductors  is  a  frequent  cause  of  breakage  and  can  cause  serious  damage.  Ice  formation  on  pipes  of  refriger¬ 
ators  leads  to  interruption  of  operation.  Other  examples  of  the  necessity  of  dealii^  with  ice  formation  could  be 
cited. 

A  study  of  the  icing  process  requires  a  knowledge  of  the  adhesion  of  Ice  to  various  surfaces  and  possible 
means  of  reducing  its  adhesion. 

Several  authors  have  occupied  themselves  with  this  problem.  Some  of  them  (Kobeko,  Morel,  Lebedev 
[1-3])  arrived  at  the  conclusion  that  ice  adhesion  cannot  be  seriously  reduced  at  surfaces  by  application  of  coatii^s 
of  various  hydrophobic  substances. 

Other  workers  have  achieved  considerable  reduction  of  adhesion  by  application  of  silicone  films  to  surfaces 
subjected  to  ice  formation  [4,  5]. 

We  have  investigated  the  adhesion  of  ice  to  various  surfaces  and  have  tested  organopolysiloxane  coatings 
for  their  adhesion -lowering  ability. 


EXPERIMENTAL 

Test  apparatus  and  method.  The  influence  of  polysiloxane  coatings  on  the  adhesion  of  ice  to  various 
surfaces  was  studied  with  a  specially  designed  apparatus  in  which  water  filled  into  small  glass  cylinders  was 
brought  into  contact  with  specimens  of  various  materials  and  then  frozen.  The  Ice  was  then  broken  off  from  the 
specimens  in  a  tangential  direction  and  the  shearing  force  was  measured  in  g/cxn  .  The  main  portion  of  the 
apparatus  was  a  carriage  which  moved  over  a  heavy  metal  plate.  In  the  plate  was  a  groove  along  which  small 
spheres  rolled  and  replaced  the  wheels  of  the  carriage  (Figs.  1  and  2).  The  carriage  was  moved  by  a  small  War¬ 
ren  motor  at  a  speed  of  2  cm/ min.  The  carriage  travelled  with  great  uniformity  (no  jolts).  On  this  carriage  were 
placed  four  cylindrical  cells  with  a  diameter  of  5  mm  and  a  height  of  7  mm.  Over  each  cell  on  special  holders 
was  suspended  a  specimen  in  the  form  of  a  1  x  1  x  0.5  cm  rectangular  parallelepiped.  Alternatively  one  spec¬ 
imen  was  arranged  over  the  whole  of  the  cells.  The  large  specimen  had  dimensions  of  2  x  20  x  0.5  cm  (Fig.  3). 
Various  materials  were  used  as  specimens:  rubber,  duralumin,  silicate  (window)  glass,  organic  glass  (plexiglas). 
They  were  coated  with  a  film  of  polysiloxane  liquid  whose  antiicing  properties  were  to  be  tested. 

The  cells  were  filled  with  water.  The  water  had  a  convex  meniscus  of  large  curvature  which  extended 
above  the  edges  of  the  cell.  The  specimens  were  brought  into  contact  with  the  meniscus  of  the  water.  Small 
specimens  were  contacted  with  the  cell  from  the  1  x  1  cm  side,  the  larger  ones  from  the  2  x  20  cm  side. 


2759 


Fig.  1.  Specimens  of  organic  glass.  Holders  raised  and  specimens 
supported  on  them. 


Fig.  2.  Glass  specimens.  Specimen  holders  let  down  and  specimens  held 
on  the  glass  surface  of  the  cells. 


Fig.  3.  Large  specimen  with  ice  cells  frozen  to  it. 

The  surface  of  contact  of  water  and  specimen  had  the  shape  of  a  sphere  with  a  diameter  of  2-7  mm. 

The  carriage  on  the  metal  plate  was  put  in  a  refrigerator  whose  temperature  could  be  lowered  to  -20*.  After 
the  water  had  been  converted  into  ice,  the  tangential  force  needed  for  detachment  of  the  specimen  from  the  ice 
surface  was  determined.  For  this  purpose  the  holders  were  removed  and  the  specimen  left  frozen  to  the  surface  of 
the  ice.  The  specimen  was  fixed  to  a  rocker  arm  connected  to  a  pendulum  dynamometer  (Fig.  2).  When  the  car¬ 
riage  moved,  the  specimen  was  carried  along  in  the  direction  of  movement  and  pressed  on  the  rocker  arm  which 
in  turn  actuated  the  pendulum.  To  the  latter  was  attached  a  mirror  whereby  the  swing  of  the  pendulum  could  be 
optically  recorded.  The  deviation  of  the  pendulum  was  a  measure  of  the  force  that  had  to  be  applied  for  detach¬ 
ment  of  the  specimen  from  the  glass  surface,  i.e.,  the  magnitude  of  the  shearing  force.  When  larger  specimens 
were  being  tested,  the  ice  cylinders  adhering  to  the  specimen  were  sheared  off  as  shown  in  Fig.  3. 


TABLE  1 


Liquids  Employed  for  Surface  Treatment 


Viscosity 
(In  cent!- 

Density 

Liquid 

Name 

No. 

poises) 

d? 

1 

2 

Methylpolyslloxane 

Methylpolyslloxane 

elastdnler 

271 

0.978 

3 

1 

18.66 

0.952 

4 

'Ethylpolyslloxane 

48.19 

0.979 

b 

6 

1161.61 

1.037 

7 

I 

29.17 

0.908 

8 

}  Butylpolyslloxane 

80.13 

0.92? 

9 

601.99 

0.966 

10 

11 

1  Ethyloctylpolyslloxane 

— 

— 

12 

1:1 

1  Isoamylpolyslloxane 

100.47 

3724.06 

0.906 

0.9.56 

14 

Ethylpolyslloxane  for 
flight  tests 

211.09 

1.001 

15 

Methylpolyslloxane 

347.48 

0.982 

The  conditions  of  crystallization  of  Ice  during 

freezing  were  appreciably  Influenced  by  the  strength  of 

the  bond  established  between  the  Ice  and  the  surface  In 

course  of  freezing.  If  the  water  In  the  cells  Is  cooled 

gradually  to  the  low  temperature  at  which  shearing  of 

the  Ice  was  effected,  then  the  shearing  force  was  lower 

than  when  freezing  on  was  effected  directly  at  the  low 

Fig.  4.  Ice  menisci  of  cells.  Right:  frozen  temperature. 

to  rubber:  left:  frozen  to  duralumin.  ^ 

The  strength  of  the  frozen  bond  Increased  wlm 

Increasing  rate  of  cooling  presumably  because  a  high 

cooling  speed  facilitated  prelimlnary»supercooling  of  the 

water,  and  Its  crystallization  from  the  supercooled  state  was  completed  rapidly.  Very  similar  conditions  apply  In 

flying  when  supercooled  drops  freeze  on  to  the  surface  of  the  aircraft  by  impact.  These  conditions  were  therefore 

selected  In  these  experiments. 

The  following  experimental  sequence  was  selected:  1)  Start-up  of  refrigerating  machine  and  cooling  of 
apparatus  to  required  experimental  temperature  (sample  also  cooled);  2)  carriage  put  in  motion  and  water  poured 
Into  cells;  3)  samples  brought  into  contact  with  meniscus  of  water;  4)  carriage  moved  into  thermostat  of  refriger¬ 
ator  where  the  water  In  the  cells  was  frozen  at  -20*  for  an  hour. 

RESULTS  OF  EXPERIMENTS 

The  principal  characteristics  of  the  liquids  employed  in  the  work  are  presented  In  Table  1.  Preliminary 
experiments  were  run  with  specimens  of  rubber  and  duralumin.  Three  methods  were  developed  for  study  of  the 
Influence  of  the  polysiloxane  liquids  on  the  cohesion  between  Ice  and  various  surfaces  of  a  sample: 

1.  A  rubber  specimen  was  Immersed  in  the  liquid  or  in  a  solution  thereof  In  carbon  tetrachloride.  It 
was  then  dried  and  heat  treated  at  230-235*  for  5-7  min.  This  treatment  transformed  the  polysiloxane  Into  a 
soft  elastic  film  with  a  thickness  of  0.0013-0.0015  mm. 

Duralumin  specimens  were  similarly  treated  but  the  heat  treatment  was  extended  over  30  min.  The  follow¬ 
ing  specimens  (Tables  2  and  3)  were  so  prepared:  li,  1},  2,.  2^,  3i,  32.  4i,  42,  5,,  52,  6i,  6t,  7,,  1^,  8t,  9t,  92.  10|, 
10„  11,.  II2. 


Duralumin  Rubber 


2761 


TABLE  2 


Results  cf  Tests  of  Polyslloxane  Filins  Applied  to  Rubber  Surface 


Liquid  No. 

Factor  by  which  the  strength 
of  the  frozen  bond  was  loweret 
in  comparison  with  blank  spec 
imen 

Method  of  treatment  of  rubber  surface 

1 

2.3  \ 

2 

2  \ 

3 

No  changes  1 

4 

No  changes  / 

5 

1.5  ( 

6 

2  > 

Immersion  in  15<^  solution  followed  by  drying  in  room 

7 

No  chaises  I 

8 

No  changes  I 

9 

2.7  1 

10 

No  chaises  / 

11 

No  changes  ' 

li 

7.6 

Immersion  in  15<^  solution,  heat  treatment  at  200-235* 

for  5  min 

Is 

10 

Immersion  in  silicoorganic  liquid,  heat  treatment  at 

230-235*  for  5  min 

Is 

Immersion  in  silicoorganic  liquid 

2, 

9  ) 

Immersion  in  15%  solution,  heat  treatment  at  230-235* 

3, 

9.7  V 

for  5  min 

4, 

6.3  1 

4i 

9.8  / 

Immersion  in  silicoorganic  liquid,  heat  treatment  at 

230-235*  for  5  min 

4, 

2 

Immersion  in  silicoorganic  liquid 

5, 

6.1 

Immersion  in  15%  solution,  heat  treatment  at  230-235* 

for  5  min 

6, 

9.2  \ 

7, 

8  ) 

8, 

8.2  f 

Immersion  in  15%  solution,  heat  treatment  at  230-235" 

9, 

9  ( 

for  5  min 

10, 

8  j 

111 

6.9  ' 

2.  Liquid  vras  applied  from  solution  to  specimens  Nos.  1-11  (Table  2)  without  thermal  treatment. 

3.  A  film  of  liquid  was  applied  to  samples  Nos.  I3  and  4j  (Table  2)  by  simple  immersion  in  polysiloxane 
liquid  without  subsequent  thermal  treatment. 

The  so-prepared  specimens  were  attached  to  the  holders  of  the  apparatus,  brought  into  contact  with  the 
meniscus  of  the  water,  and  the  water  frozen. 

Results  of  tests  on  films  applied  to  surfaces  of  rubber  specimens  with  the  aim  of  lowering  the  adhesion  of 
the  ice  are  shown  in  Table  2.  The  liquids  used  in  the  tests  are  correspondingly  numbered  in  Table  1.  We  see 
from  Table  2  that  substances  applied  to  rubber  appreciably  lower  the  cohesion  between  ice  and  rubber  surface 
(by  up  to  a  factor  of  10)  in  comparison  with  the  blank  (rubber  with  a  clean  surface).  Experiments  with  bare 
duralumin  specimens  showed  that,  although  in  this  case  the  surface  was  less  easily  wetted  by  water,  the  ice  adhered 
more  strongly  to  the  surface  than  to  a  rubber  surface. 
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TABLE  3 


Results  of  Tests  on  Polysiloxane  Films  Applied  to  Duralumin  Surface 


Liquid  No. 

Factor  by  which  the  strength  of 
of  the  frozen  bond  was  lowered 
in  comparison  with  bare  spec¬ 
imen 

Method  of  treatment  of  duralumin  surface 

li 

\ 

2.5 

2, 

4 

1 

3, 

3.3 

/ 

4, 

2.3 

[ 

3, 

2.1 

\  Immersion  in  15«5b  solution,  heat  treatment  at 

6, 

2.4 

j  230-235*  for  30  min 

7, 

Nearly  unchanged 

y 

8, 

Nearly  unchanged 

j 

10, 

1.2 

1 

lit 

2 

/ 

It 

6 

\ 

22 

10-14 

1 

32 

3 

/ 

32 

9.3 

1  Immersion  in  silicoorganic  liquid,  heat  treat- 

62 

3 

>  ment  at  230-235*  for  30  min 

^2 

2 

( 

9* 

2 

\ 

IO2 

4 

1 

II2 

2.6 

1 

•Specimens  9,  and  42  not  tested. 

In  the  case  of  the  ic^rubber  bond  the  frozen  meniscus  of  the  liquid  differed  in  appearance  from  that  in  the 
case  of  ice/ duralumin  (Fig.  4). 

Adhesion  of  ice  to  bare  duralumin  surface  is  so  strong  that  very  often  the  ice  broke  and  the  sample  rebounded 
with  a  piece  of  ice  clinging  to  it.  Only  the  experiments  in  which  the  shear  was  clean  were  taken  into  consideration. 
Results  of  experiments  with  duralumin  specimens  are  presented  in  Table  3.  We  see  from  this  table  that  the  most 
significant  change  in  the  magnitude  of  the  shearing  force  is  obtained  on  application  of  polysiloxane  liquids  Nos. 

1,  2  and  5.  Adhesion  is  lowered  by  a  factor  of  10  or  more. 

The  results  of  the  experiments  set  forth  in  Tables  2  and  3  showed  that  the  first  and  third  methods  of  treat¬ 
ment  of  the  specimens  (see  above)  give  approximately  the  same  effect.  The  second  method  leads  to  hardly  any 
lowering  of  the  adhesion  of  ice  to  the  surface. 

In  the  light  of  these  results,  it  was  decided  to  employ  in  subsequent  experiments  only  the  third  method  as 
being  the  simplest  and  having  the  least  effect  on  the  material  whose  surface  was  treated. 

The  preliminary  experiments  also  revealed  which  liquids  exhibited  the  best  antiadhesive  properties. 

In  the  subsequent  experiments  with  various  polysiloxane  liquids,  the  film  was  applied  to  the  specimen  by 
dipping.  The  specimen  was  immersed  in  the  vessel  containing  the  liquid  and  then  withdrawn  from  the  liquid  at 
a  constant  rate.  A  change  in  rate  led  to  a  change  in  the  thickness  of  adhering  liquid.  The  film  thickness  was 
calculated  by  Deryagin’s  formula  [6]: 


2763 


A  .  r  ■  (T| .  U)'!* 

V  (pg)'/*  .  oV.  » 

where  k  =  0.94,  h  =  thlcknesj  of  film,  v  =  volume  of  dissolved  substance,  U  =  rate  of  withdrawal,  V  =  volume 
of  solution,  Tj  =  viscosity  of  solution,  p  =  density  of  solution,  o  =  surface  tension,  and  =  the  gravitational 
constant. 

Application  of  the  film  to  specimens  by  the  dipping  method  was  followed  by  tests  on  shearing  of  Ice  from 
the  surface  by  the  above  procedure. 

Tests  results  are  set  forth  In  Table  4.  The  best  results  are  obtained  with  specimens  Nos.  1,  5,  13  and  15 
(Table  1).  Tests  repeated  many  times  (more  than  10)  on  a  specimen  coated  with  liquid  showed  that  part  of  the  . 
liquid  is  "worn  away"  from  the  surface  of  the  specimen  after  each  repeat  of  the  test.  The  liquid  remains  on  the 
ice  cylinder  sheared  away  from  the  surface.  Its  film  on  the  surface  of  the  specimen  becomes  thinner  and  the 
adhesion  of  the  ice  increases. 


A 


Fig.  5.  Duralumin  specimen  coated  with 
lacquer  followed  by  methylpolysiloxane 
liquid  No.  1.  A)  Decrease  in  adhesion, 

B)  number  of  tests. 


A 


A 


Fig.  6.  Duralumin  specimen  coated  with 
lacquer  and  then  with  ethylpolyslloxane 
liquid  No.  5.  A)  Decrease  in  adhesion. 
B)  number  of  tests. 

In  the  case  of  the  duralumin  specimen  coated  with 
lacquer  and  then  with  liquid  No.  1,  after  the  fifth  test  the 
magnitude  of  the  shearing  f«:ce  rose  from  700  to  2883 
g/  cm*.  In  the  case  of  the  duralumin  specimen  coated  with 
lacquer  and  then  with  liquid  No.  5,  the  shearing  force  rose 
from  100  to  400  g/cm*,  but  the  final  value  was  lower  than 
for  the  untreated  surface.  After  ten  tests  and  after  it  had 
then  been  wiped  dry,  the  adhesion  of  ice  was  6  times  lower 
than  the  adhesion  to  the  untreated  specimen. 


Fig.  7.  Duralumin  specimen  coated  with 
lacquer  and  then  with  isoamylpolysiloxane 
liquid  No.  13.  A)  Decrease  in  adhesion, 

B)  number  of  tests. 


In  the  case  of  the  specimen  coated  with  liquid  No.  13, 
7  tests  raised  the  shearing  force  from  250  to  1000  g/cm*. 
Lacquer  films  form  a  good  keying  surface  for  polysiloxane 
liquids.  The  sillcoorganic  liquid  is  quickly  removed  from 
bare  duralumin  after  2  to  3  tests,  but  the  liquid  is  retained 
for  a  longer  period  on  lacquer -coated  duralumin.  The  same 


is  true  of  rubber  and  organic  glass,  probably  due  to  slight  swelling  of  the  surface  of  the  specimen. 


The  results  obtained  in  repeated  tests  of  specimens  coated  with  liquids  Nos.  1,  5  and  13  are  plotted  in  Figs. 
5  to  7.  Thickness  of  initially  applied  film  h  =  0.1  mm.  The  first  2  to  3  tests  of  specimens  coated  with  a  thick 
film  of  liquids  Nos.  5,  13  and  15  showed  that  ice  entirely  fails  to  stick  to  the  surface.  The  adhesion  is  extremely 
insignificant  on  specimens  coated  with  liquid  No.  1. 


On  the  basis  of  Figs.  5-7  we  canconclude  that  the  liquid  on  the  surface  is  retained  for  a  long  period  during 
repeated  tests  and  its  antisticking  action  persists.  The  thickness  of  the  film  of  liquid  applied  to  the  specimen 
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TABLE  4 

Results  of  Tests  of  Polyslloxane  Films  on  Various  Surfaces 


Material  of  specimen 

No.  of 

Strength  of  adhesion 
for  specirnen 
(in  j^cm*) 

Ratio 

liquid 

bare 

coated 

Duralumin 

1 

7.600 

780 

10.5 

Duralumin,  lacquer-coated 

7.600 

499 

15.2 

Rubber 

1  { 

6.000 

526 

11.4 

Window  glass 

1 

8.500 

1000 

8.5 

Organic  glass  (plexiglas) 

1 

4.400 

508 

8.6 

Duralumin 

)  ( 

7.600 

2400 

3.0 

Duralumin  +  lacquer  film 

1 

7.000 

1728 

4.4 

Rubber 

3  j 

6.000 

3167 

1.8 

Window  glass 

1 

8.500 

3)25 

2.4 

Organic  glass 

1 

4.400 

2017 

2.1 

Duralumin 

1 

f 

7.600 

1863 

4.0 

Duralumin  +  lacquer  film 

7.6(K) 

1460 

4.9 

Rubber 

4  1 

6.000 

1680 

3.5 

Window  glass 

1 

1 

8.500 

2260 

3.6 

Organic  glass 

) 

1 

4.400 

1166 

8.7 

Duralumin 

7.600 

860 

8.7 

Duralumin  +  lacquer  film 

7.600 

769 

9.0 

Rubber 

14  { 

6.000 

600 

10 

Window  glass 

i 

8.5(K) 

1019 

8.4 

Organic  glass 

4.400 

590 

7.4 

Duralumin 

r 

7.600 

414 

18.3 

Duralumin  +  lacquer  film 

1 

7.600 

280 

27.2 

Rubber 

5  \ 

6.(K)0 

200 

30 

Window  glass 

1 

8.500 

325 

26 

Organic  glass 

4.400 

85 

52 

Duralumin 

\  ( 

7.600 

2225 

3.4 

Duralumin  +  lacquer  film 

7.60) 

1740 

4.3 

Rubber 

7  1 

6.000 

900 

6.6 

Window  glass 

1 

8.500 

3250 

2.6 

Organic  glass 

1 

4.400 

2139 

2.1 

Duralumin 

[ 

7.600 

2000 

3.6 

Duralumin  +  lacquer  film 

1 

7.600 

1153 

6.5 

Rubber 

8  1 

6.000 

833 

7.2 

Window  glass 

1 

8.500 

2650 

3.2 

Organic  glass 

4.400 

2100 

2.4 

Duralumin 

7.600 

1875 

4.1 

Duralumin  +  lacquer  film 

7.600 

692 

10.8 

Rubber 

>  0  \ 

6.000 

750 

8.0 

Window  glass 

1  1 

8.500 

2499 

3.4 

Organic  glass 

1 

4.400 

830 

5.3 

Duralumin 

1 

7600 

1728 

•  4.4 

Duralumin  +  lacquer  film 

7600 

1482 

5.1 

Rubber 

12  I 

6000 

650 

8.1 

Window  glass 

8500 

2861 

3 

Organic  glass 

1 

4400 

1075 

4.2 

Duralumin 

7600 

200 

38 

Duralumin  +  lacquer  film 

7.500 

192 

39 

Rubber 

■  13  . 

6000 

200 

30 

Window  glass 

8500 

356 

23 

Organic  glass 

4400 

241 

18 

Duralumin 

Duralumin  +  lacquer  film 

7600 

7600 

692 

450 

12 

12 

Rubber 

15  . 

6000 

265 

29 

Window  glass 

8500 

825 

10.2 

Organic  glass 

4400 

400 

11 
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TABLE  5 


Dependence  of  the  Angle  of  Wetting  on  the  Liquid  Applied  to  the  Surface 


Surface 

Viscosity  in 
centipoises 

Angle  of  wetting 

Untreated  surface 

- 

86*26* 

Methylpolyslloxane 

271 

90* 

Ethylpolyslloxane 

48.19 

104*59* 

Butylpolysiloxane 

80.13 

114*09* 

Ethyloctylpolysiloxane 

- 

122*39* 

Fig.  8.  Adhesivity  as  a  function  of 
the  viscosity  of  the  applied  liquid. 
A)  Fall  in  adhesivity;  B)  viscosity 
(in  centipoises).  Specimens:  1) 
aluminum,  2)  window  glass. 


Fig.  9.  Change  of  adhesivity  of  ice  to 
surfaces  with  changing  thickness  of 
film  of  liquid  No.  15  applied  to  a  sam¬ 
ple.  A)  Decrease  in  adhesivity,  B)  film 
thickness  (in  mm).  Sample:  1)  aluminum, 
2)  window  glass. 


plays  an  important  part.  The  thicker  the  film,  the  better  are  its  antisticking  properties.  The  results  of  Table  4  show 
that  a  significant  factor  influencing  the  adhesivity  of  ice  on  surfaces  is  the  viscosity  of  the  liquid  with  which  the 
given  specimen  was  treated.  Shearing  force  is  plotted  in  Fig.  8  as  a  function  of  viscosity.  This  relation  is  an  in¬ 
direct  expression  of  the  dependence  on  the  molecular  weight  (i.e.,  on  the  degree  of  polymerization).  These  data 
show  that  a  polysiloxane  liquid  with  a  higher  viscosity  possesses  better  antisticking  properties.  On  theoretical 
grounds  we  may  infer  that  an  important  influence  is  exercised  by  the  molecular  weight  of  the  organic  radical, 
especially  on  the  angle  of  wetting  (Table  5). 

This  is  not  supported,  however,  by  the  data  of  Table  4, except  in  the  case  of  isoamylpolysiloxane  (No.  13); 
an  Influence  of  the  iso  structure  of  the  organic  radical  can  be  inferred  from  the  well-marked  influence  of  isoamyl¬ 
polysiloxane,  the  molecular  weight  of  whose  organic  radical  is  intermediate  between  that  of  the  radicals  in  butyl - 
polysiloxane  and  octylpolysiloxane. 

Repeated  freezing  of  ice  onto  specimens  with  liquid  coatings  up  to  0.1  mm  in  thickness  led  to  results 
showing  that  the  decreasing  thickness  of  the  liquid  film  with  each  successive  test  can  be  explained  by  the  low 
internal  adhesive  forces  in  the  film.  This  would  also  account  for  the  observed  lowering  of  the  adhesivity  of  ice 
with  increasing  thickness  of  liquid  film.  This  is  also  supported  by  the  data  for  the  influence  of  the  thickness  of 
the  film  presented  In  Fig.  9. 
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SUMMARY 


1.  The  experimental  data  indicate  that  organopolysiloxane  liquids  can  be  employed  as  depressants  of  stick¬ 
ing  of  ice  to  various  surfaces.  The  most  promising  of  the  liquidstested  were  methylpolyslloxanes  Nos.  1  and  15, 
ethylpolysiloxane  No.  5,  isoamylpolysiloxane  No.  13.  These  are  liquids  with  viscosities  of  300  to  1161  centipoises. 

2.  Liquids  Nos.  5,  13  and  15  exhibit  particularly  good  properties.  They  lower  the  shearing  force  by  a  factor 
of  10  when  applied  in  a  very  small  film  thickness  (h  =  0.1  mm).  These  liquids  retain  their  adhesion  to  surfaces  and 
their  films  are  hardly  "worn  away"  at  all  after  numerous  refreezings  of  ice  to  the  surface.  After  removal  from  the 
surface  by  careful  wiping,  they  leave  a  film  sufficient  for  lowering  of  the  adhesion  of  ice  by  a  factor  of  6. 

3.  Especially  good  results  are  obtained  on  aluminum  surfaces  previously  coated  with  lacquer,  on  mbber  surfaces, 
and  on  organic  glass.  Less  good  results  are  obtained  when  ice  adheres  to  an  aluminum  surface  not  previously  coated 
with  a  lacquer  film  or  to  window  glass. 

4.  The  low  viscosity  of  methylpolysiloxane  No.  1  is  a  disadvantage  in  that  the  liquid  easily  runs  down  ver¬ 
tical  surfaces. 

5.  The  results  of  the  present  investigation  Justify  the  recommendation  of  organopolysiloxane  coatings  for 
surfaces  liable  to  be  exposed  to  ice  formation  since  these  coatings  facilitate  removal  of  ice  from  surfaces. 
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THE  POROSITY  AND  DISPERSITY  OF  THE  CATALYST 
FOR  HETEROGENEOUS  SYNTHESIS  OF  VINYL  ACETATE 


E.  N.  Rostovskli 


Hardly  any  work  has  hitherto  been  published  on  the  influence  of  the  dispersity  of  the  catalyst  for  the  vapor  - 
phase  synthesis  of  vinyl  acetate  or  about  the  influence  of  the  porosity  of  the  carbon  employed  as  catalyst  support. 

A  complex  relation  between  specific  surface  and  catalytic  properties  has  been  revealed  by  studies  of  other 
catalytic  processes  which  have  clarified  the  roles  of  the  surface  and  porosity  of  the  catalysts  and  the  influence  of 
the  degree  of  dispersity  caused  by  secondary  crystal  formations.  Conflicting  conclusions  have  sometimes  been 
reached  by  different  investigators  working  in  this  field.  Schmidt  [1]  reported  proportionality  between  catalytic 
activity  and  specific  surface.  Schwab  and  Rudolf  also  reached  the  same  conclusion  [2].  These  findings  were  not 
confirmed  by  lozsa  [3].  It  was  also  shown  that  when  a  catalyst  of  given  composition  is  used  in  different  reactions, 
differing  degrees  of  dispersity  are  necessary  [4].  In  the  polymerization  of  acetylene  an  increase  of  surface  in  the 
catalytic  zone  In  some  cases  sharply  reduced  the  reaction  velocity  [5]  while  in  other  cases  it  had  no  pronounced 
effect  [6]. 

Earlier  work  indicated  a  direct  dependence  of  catalytic  activity  on  the  degree  of  porosity  [7,  8].  Neimark 
[9]  studied  the  effect  of  the  character  of  the  porosity  of  silica  gel  on  its  adsorptive  and  catalytic  properties  during 
hydrolysis  of  chlorobenzene.  He  established  a  very  much  more  complex  dependence  and  the  existence  of  diffu- 
sional  inhibition. 

Rubinshtein  [10,  11]  reported  a  high  value  of  dispersity  caused  by  secondary  crystal  formations  and  the 
existence  of  an  optimum  of  the  corresponding  dispersity  for  some  reactions.  He  concluded  [11]  that  the  generally 
accepted  method  of  low -temperature  adsorption  of  nitrogen  [12,  13]  was  unsuitable  for  evaluation  of  the  surface 
of  a  catalyst.  He  recommended  the  introduction  of  the  concept  of  the  "effective  porosity"  which  Is  determined 
by  sorption  of  substances  comparable  in  dimensions  with  the  reacting  molecules. 

The  foregoing  examples  show  that  knowledge  of  the  Influence  of  dispersity  and  porosity  cannot  yet  be 
readily  generalized  and  that  more  experimental  data  require  to  be  accumulated  in  this  field. 

In  the  present  work  we  submit  the  results  of  a  study  of  the  reaction  of  acetylene  with  acetic  acid  using  a 
catalyst  prepared  on  supports  with  various  porosities.  The  catalysts  were  prepared  by  precipitation  of  zinc  acetate 
on  several  specimens  of  active  carbon.  The  total  porosities  and  relative  specific  surfaces  of  the  carbons  were  de¬ 
termined.  In  the  first  place  these  data  could  approximately  characterize  the  magnitude  of  the  surface  per  unit 
weight  of  zinc  salt.  It  is  also  noteworthy  that  the  ratio  of  the  pore  volume  {w)  to  the  measured  surface  (o)  has  a 
physical  meaning  and  characterizes,  to  a  certain  degree,  the  mean  radius  of  the  pores  (r).  Assuming  the  capillaries 
of  the  carbon  are  cylinders,  then  the  relation  tt)/o  =  r/2  is  approximately  valid.  We  can  also  assume  that  the 
reciprocal  of  r^  and  correspondingly  the  surface/ volume  ratio  will  characterize  the  degree  of  "dispersity  of  the 
pores". 

The  size  of  the  adsorptively  active  pores  of  carbon  encompasses  the  region  of  colloidal  dispersity.  The  ex¬ 
periments  on  formation  of  vinyl  acetate  (see  below)  have  shown  that  a  change  In  the  dispersity  factor  of  a  hetero¬ 
geneous  catalyst  within  the  region  in  question  can  have  both  a  favorable  and  unfavorable  influence  on  its  catalytic 
activity. 
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EX  PERIMENTAL 


Of  the  several  specimens  of  active  carbon  used  for  preparation  of  catalysts,  granulated  active  carbon  AG 
has  been  the  most  extensively  studied  in  our  earlier  investigations  with  Ushakov  and  Arbuzova  [14-18].  This 
grade  of  carbon  was  also  used  in  the  experiments  to  be  described  below.  It  is  frequently  employed  for  sorption 
and  recovery  of  solvents.  Its  structure  and  properties  have  been  the  subject  of  detailed  investigations  [19-21]. 
Carbon  AG  belongs  to  the  relatively  finely  porous  type  with  a  medium  total  porosity  (in  comparison  with  the 
majority  of  other  carbons  used  by  us).  Alekseevskii  and  Vas’kovskii  used  the  results  of  a  study  of  the  sorptive 
activity  to  calculate  the  total  capillary  volume  and  the  diameters  of  the  capillaries  occupied  at  various  concen¬ 
trations.  On  the  basis  of  these  data  the  structural  curve  of  carbon  AG  was  constructed.  The  inflection  point  on 
this  curve  was  In  the  region  of  low  concentrations  and,  accordingly  the  maximum  diameter  of  the  capillaries 
was  in  the  region  of  8  A.  Comparison  with  the  results  of  a  study  of  similar  carbons  led  to  the  conclusion  that  AG 
is  characterized  by  the  possession  of  two  independent  systems  of  capillaries— ultracapillaries  and  wider  capillaries. 
In  the  further  course  of  this  paper  the  sample  of  carbon  AG  used  as  basic  material  is  designated  I.  Activated  car¬ 
bons  on  an  anthracite  and  wood  basii  were  used  for  comparison:  1)  similar  to  carbon  AG  but  with  somewhat  larger 
pores  (II  and  III);  2)  steam -activated,  decolorizing  birch  carbons  (IV  and  V).  Experiments  were  also  run  with 
finely  porous  bone  carbon  (VI).  All  of  these  carbons  were  treated  beforehand  with  hydrochloric  acid,  thoroughly 
washed  with  water,  and  dried  to  constant  weight  in  vacuo  at  a  temperature  of  about  400".  Some  of  them  (H  and 
ni)  were  subjected  to  supplementary  activation  at  850*  in  a  carbon  dioxide  stream. 

In  special  comparative  experiments  with  catalysts  prepared  from  ash-free  and  ash -containing  carbon,  we 
established  that  residual  ash  in  the  catalyst  had  no  significant  influence  on  catalytic  activity. 

Measurements  were  made,  for  the  various  samples  of  carbon,  of  specific  gravity  (actual,  apparent  and 
gravimetric),  total  porosity,  sorptive  capacity  for  several  sorbates  (chlorine,  iodine,  methylene  blue);  the  relative 
specific  surface  was  calculated.  These  measurements  were  made  under  the  following  conditions. 

The  true  specific  gravity  (d)  was  determined  with  benzene  in  a  thermostated  pycnometer  by  the  Honig  meth¬ 
od  [22].  The  carbon  was  first  pulverized  and  passed  through  a  46-mesh-pe^cm^  screen.  The  apparent  specific 
gravity  (6)  was  measured  In  a  Tyulyukov  apparatus  [23]  with  mercury.  The  gravimetric  density  (A)  was  found  by 
weighing  a  known  volume  of  carbon.  The  total  porosity  (P)  was  calculated  from  the  results  of  these  determinations 
on  the  basis  of  the  known  volumes  Vj  and  V  : 


The  sorptive  activity  was  found  by  treatment  of  the  carbon  with  gaseous  chlorine  [24]  or  with  0.1  N  solution 
of  iodine  In  potassium  iodide.  The  relative  specific  surface  was  found  by  the  method  of  Berl  and  Herbert  [25,  26] 
on  the  basis  of  sorption  of  methylene  blue  and  colorimetric  determination  of  the  concentration  of  the  solution. 

This  method  of  surface  determination  can  only  give  relative  results  applicable  for  comparison  of  similar  specimens 
of  the  same  or  similar  materials  [27].  We  decided  that  the  method  of  Berl  and  Herbert  might  be  applicable  on  the 
basis  of  the  following  additional  considerations:  The  area  occupied  by  the  zinc  acetate  molecule  (approx.  30  A*), 
and  in  particular  by  salts  of  other  acids  that  we  also  employed  as  catalysts  supported  on  active  carbon,  may  be  con¬ 
siderably  more  comparable  with  the  area  calculated  for  the  methylene  blue  molecule  than,  say,  the  nitrogen  mole¬ 
cule  (approx.  16  A*)  which  is  frequently  used  for  evaluation  of  the  surface  area  of  various  materials  [12,  13].  For 
extremely  finely  porous  bone  carbon  (VI)  the  dye  sorption  method,  as  was  to  be  expected,  was  found  inapplicable 
due  to  the  phenomenon  of  ultraporosity.  In  this  case  the  specific  gravity  was  roughly  calculated  from  the  results 
of  gas  sorption  and  from  data  for  the  corresponding  radii  of  the  capillaries.  A  summary  of  the  results  is  presented 
In  Table  1. 

Catalysts  were  prepared  by  impregnation  of  carbon  with  zinc  acetate  solution  followed  by  drying  at  180*. 

The  catalytic  activity  was  determined  from  the  degree  of  conversion  of  acetic  acid  at  200*  with  a  molar  acety¬ 
lene/ acid  ratio  of  20:1.  Acetylene  was  admitted  at  the  rate  of  10  liter/hr.  The  apparatus  and  method  of  regulation 
were  the  same  as  described  previously  [14-18]. 

Comparison  of  the  results  of  this  type  of  catalytic  investigation  must  be  made  with  a  certain  degree  of  cau¬ 
tion  since  not  only  the  porosity  and  the  surface  area  of  the  catalyst  can  alter  but  also  a  number  of  other  vital 
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TABLE  1 


Characteristics  of  Carbon  Specimens 


'B 

V  O 

u  ^ 

5  o 

a. 

w 

Specific  gravity  (in 
g/ml) 

Porosity 

Relative 
specific 
surface  o 
(in  mVg) 

Nominal 
mean  pore 
radius 

r-— .  2 
(In  A) 

for 

chlorine 

for 

iodine 

appar¬ 
ent,  6 

true, 

d 

P 

(ln%) 

specific 

(InmVg) 

I 

0.50 

0.936 

0.51 

0.84 

1.88 

55 

0.66 

350 

40 

II 

0.745 

0.128 

0.24 

0.55 

1.7 

68 

1.23 

270-280 

90 

III 

0.58 

_ 

0.44 

0.64 

1.94 

67 

1.03 

380 

54 

IV 

0.28 

0.832 

0.311 

0.49 

1.76 

73 

1.49 

50 

600 

V 

0.44 

_ 

0.3 

0.41 

1.66 

75 

1.74 

205 

170 

VI 

0.23 

0.69 

1.3 

1.8 

26 

0.195 

—  500 

—  8 

TABLE  2 

Determination  of  Catalytic  Activity 


Active 

carbon 

Zinc 

acetate 

content 

Ho) 

Quantity 
of  cata¬ 
lyst 

(in  g) 

Sorptive 
activity  for 
chlorine 
(Wt.  Ofn) 

■ 

Quantity  of 
zinc  acetate 
fn  reaction 
space 

(in  g) 

Catalytic 
activity 
(in  ofr) 

r  (in  A) 

V 

10 

14 

16.0 

7.25 

1.5 

71 

600 

IV 

10.8 

14 

28 

2 

1.4 

81 

170 

I 

•6.7 

21 

35 

0.7 

1.4 

94 

40 

II 

15 

10 

38 

2.06 

1.51 

73 

90 

VI 

12 

21 

1 

— 

2.52 

15 

—  8 

factors  (such  as  residence  time  of  reactants  in  the  catalytic  zone,  zinc  salt  concentration,  and  rates  of  sorption 
and  desorption  processes). 

In  order  that  the  quantity  of  zinc  acetate  participating  in  the  reaction  and  the  contact  duration  (r)  should 
remain  roughly  constant,  experiments  were  run  with  various  quantities  of  catalyst  and  various  concentrations  of 
zinc  salt  in  the  catalyst.  For  carbons  I,  II,  IV  and  V  the  quantity  of  zinc  salt  in  the  reaction  space  was  roughly 
constant  (1.4-1.51  g),  while  r  was  6-7  sec.  For  catalyst  VI  the  quantity  of  salt  was  somewhat  larger, and  t  was 
4  sec.  The  catalyst  on  this  carbon  proved  nearly  inactive,  differing  markedly  from  the  other  carbons  (under 
similar  conditions  carbon  I,  for  example,  gave  a  highly  active  catalyst).  The  results  of  this  series  of  experiments 
are  presented  in  Table  2  and  Figs,  1  and  2. 

Figures  1  and  2  Justify  the  conclusion  that  with  nearly  identical  residence  times  of  reactants  and  quantities 
of  zinc  acetate  in  the  reaction  space,  the  catalytic  activity  is  proportional  to  the  specific  surface  of  the  support 
(carbon)  only  up  to  a  certain  limit;  the  increase  in  specific  surface  is  associated  with  a  decrease  in  the  mean  pore 
diameter;  the  crystals  of  zinc  salt  can  then  occupy  a  correspondingly  increased  number  of  pores  from  the  reaction 
sphere.  The  sorptive  capacity  will  likewise  decrease  (this  was  observed  for  the  finely  porous  specimen  VI).  The 
further  course  of  the  curve  in  Fig.  1  cannot  yet  be  plotted  with  sufficient  accuracy  because  catalysts  can  be  pre¬ 
pared  with  use  of  active  carbons  possessing  a  larger  surface  than  specimen  I  and  a  smaller  porosity  than  carbon 
VI.  We  may  note,  for  example,  that  Berl  and  Burkhardt[28]  succeeded  in  preparing  (by  thermal  decomposition 
of  pure  hydrocarbons)  active  carbons  with  a  surface  of  over  1000  m*/g  (as  measured  by  methylene  blue  sorption). 
Testing  of  such  specimens  must  ultimately  reveal  the  point  of  inflection  of  the  curve.  Carbon  VI,  for  which  r_ 
is  approximately  5  times  smaller  than  for  carbon  I,  is  not  characteristic  in  the  present  instance.  Deposition  of  a 
smaller  quantity  of  salt  on  this  carbon  VI  will  therefore  undoubtedly  give  a  more  active  catalyst  than  Is  indicated 
in  Fig.  1  for  this  specimen. 
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A 


Fig.  1.  Catalytic  activity  as  a  function  of  the 
surface  area  of  the  carbon.  A)  Conversion  at 
200*  (In  <7o).  B)  carbon  surface  In  catalysis  zone 
(In  thousand  m^). 


Fig.  2.  Sorptive  activity  of  catalyst  as  a  func¬ 
tion  of  the  original  surface  area  of  the  carbon. 
A)  Static  activity  for  chlorine  (In  <7o  of  original 
activity  of  the  carbon),  B)  surface  (in  thousand 
m*  per  liter  of  catalyst). 


TABLE  3 

Influence  of  Change  of  Nominal  Mean  Pore  Radius  of  Support 


Specimen  No. 

Sorption  ac¬ 
tivity  for  chlo¬ 
rine  (%) 

Specific  sur¬ 
face  (in 

mVg 

Porosity 

Nominal  mean 
pore  radius  r 
(  in  A) 

Catalytic 
activity  (%) 

(in  %) 

specific  (u 
(in  ml/g 

I 

50 

350 

55 

0.69 

40 

99 

II 

60 

270 

68 

1.23 

91 

58 

m 

58 

380 

67 

1.063 

55 

99 

In  the  experiments  summarized  in  Table  3,  carbon  III  was  utilized.  Its  mean  pore  radius  and  specific  sur¬ 
face  are  somewhat  higher  than  the  values  for  specimen  I.  The  catalytic  activity  was  determined  with  reference 
to  the  formation  of  vinyl  acetate  at  200*;  7  was  about  3.5  sec.  The  catalysts  contained  12-13<7o  zinc  acetate. 

The  data  of  Table  3  show  that  with  relatively  similar  values  of  specific  surface  a  slight  increase  in  mean 
pore  radius  (from  40  to  55  A)  did  not  lead  to  lowering  of  catalytic  activity. 

Carbon  III,  used  later  for  preparation  of  a  zinc  benzoate  catalyst,  was  compared  with  carbon  I  in  the  reac¬ 
tion  of  benzoic  acid  with  acetylene  under  the  conditions  previously  specified  [16].  The  temperature  in  the  mid¬ 
dle  of  the  catalyst  bed  was  290"  and  the  duration  of  contact  was  about  3.5  sec.  Results  of  these  experiments  (Table 
4)  show  that  the  catalyst  on  carbon  III  was  more  active  than  the  catalyst  on  carbon  I. 

Comparison  of  the  data  plotted  in  Figs.  1  and  2  enables  us  to  conclude  that  the  pore  radius  of  the  support 
Influences  the  size  of  the  zinc  acetate  crystals.  In  the  case  of  carbon  IV  (containing  about  10%  zinc  acetate), 
the  area  occupied  by  this  salt,  if  in  monomolecular  arrangement  with  maximum  density,  would  be  about  2.2 
times  higher  than  the  surface  of  the  carbon.  Consequently  the  zinc  salt  is  not  in  monomolecular  arrangement  in 
this  case.  Nearly  identical  sorptive  capacities  for  chlorine  were  obtained  when  nearly  identical  quantities  of 
zinc  acetate  (0.191 -0.196  M/ liter),  were  deposited  on  carbons  with  various  surface  areas  (15  x  10*  to  176  x  10* 
m*/ liter  carbon)  (Fig.  2).  If  the  crystals  (the  same  weight  in  each  case)  distributed  over  carbons  with  various  sur¬ 
face  areas  had  been  of  the  same  dimensions,  then  the  proportion  of  the  surface  occupied  by  them  would  have  been 
larger  in  the  case  of  carbon  IV  than  in  the  case  of  carbon  I  or  carbon  V.  The  decrease  in  sorptive  activity  after 
deposition  of  salt  should  be  inversely  proportional  to  the  surface  of  the  carbon  and  should  be  expressed  by  a  higher 
value  in  the  case  of  carbon  IV.  The  sorptive  capacity  of  the  catalysts  (A)  should  be  in  the  order  Ajy  <  Ay  <  Aj, 
(the  subscripts  denote  the  respective  specimens  of  carbon).  Fig.  2  shows,  however,  that  this  is  not  the  case.  It 
would  probably  be  more  accurate  to  say  that  the  size  of  the  crystals  was  in  the  reverse  sequence; 

Consequently,  in  the  larger  pores  the  conditions  of  formation  of  crystals  are  such  that  in  isolated  sites  they  grow 
to  a  large  size,  instead  of  the  given  quantity  of  salt  becoming  uniformly  distributed  over  the  whole  of  the  internal 
surface  of  the  carbon.  The  remaining  free  surface  of  the  sorbent  determines  the  sorptive  capacity. 
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TABLE  4 

Catalytic  Activity  in  Formation  of  Vinyl  Benzoate 


Active  carbon 

Catalyst 

Yield  of  vinyl  benzoate  (in 
%  of  the  benzoic  acid) 

specimen 

o  (in  mVg) 

P  (  in  %) 

amount  of  vinyl 
benzoate  («/o) 

sorption  activity 
for  chlorine  (%) 

passed  in 

reacted 

I 

350 

55 

17.8 

30 

59 

70 

m 

380 

67 

18 

34 

90 

92 

Hence  the  influence  of  pore  size  (the  degree  of  dispersity  of  the  pores)  is  extremely  large  since  it  governs 
the  specific  surface,  the  size  of  the  crystals  of  deposited  salt  and  the  residual  sorptively  active  portion  of  the 
carbon  surface  (after  salt  deposition).  Increase  in  the  dispersity  of  the  pores  of  the  carbtxi  at  first  has  a  favorable 
effect  on  catalytic  activity  but  an  unfavorable  effect  is  developed  with  further  increase  in  dispersity.  In  the  light 
of  the  results  obtained,  the  most  suitable  pores  for  deposition  of  salt  will  have  a  region  of  dispersity  approximating 
to  molecular  dimensions.  In  the  case,  for  example,  of  carbon  AG,  over  60<^  of  the  pores  have  capillary  diameters 
of  less  than  20  A  [19].  Moreover,  in  agreement  with  current  concepts  [10]  crystals  with  sizes  of  less  than  15-20  A 
are  unstable  and  can  only  be  regarded  as  nuclei.  We  can  therefore  put  forward  the  hypothesis  an  interconnec¬ 
tion  between  crystal  nuclei  and  their  catalytic  activity  in  the  reaction  under  consideration.  A  special  set  of  ex¬ 
periments  also  demonstrated  the  high  activity  of  catalyst  which  had  been  heated  to  a  temperature  very  much 
higher  than  the  melting  point  of  the  salt,  say  300*. 


SUMMARY 

Investigation  of  the  activity  of  the  catalyst  for  the  heterogeneous  synthesis  of  vinyl  acetate  revealed  that 
increase  in  the  relative  specific  surface  and  the  mean  dispersity  of  the  carbon  pores  increases  the  catalytic  ac¬ 
tivity  only  up  to  a  certain  limit;  employment  of  carbons  with  extremely  small  pores  leads  to  exclusion  of  a  con¬ 
siderable  proportion  of  the  pores  from  the  sphere  of  reaction.  Increase  in  pore  size  lowers  the  degree  of  dispersity 
of  the  salt  precipitated  on  the  carbon  and  correspondingly  reduces  the  reaction  velocity. 
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THE  COPOLYCONDENSATION  OF  PHENOXYACETIC  ACID  AND  ANISOLE 
WITH  FORMALDEHYDE 

A.  A.  Vansheidt,  N.  N.  Kuznetsova,  and  K.  P.  Papukova 
Institute  of  High  Molecular  Compounds,  Academy  of  Sciences,  USSR 


We  showed  earlier  [1]  that  although  phenoxyacetic  acid  CJH5OCH2COOH  does  not  contain  phenolic 
hydroxyls,  it  enters  with  relative  facility  into  a  polycondensation  reaction  with  formaldehyde  in  an  acid  medi¬ 
um.  Soluble  linear  polymers  of  the  novolak  type  are  formed  if  an  excess  of  phenoxyacetic  acid  is  used; 

H[C6H3(OR)CH2l,CeH40Il,  where  R —CH2COOH, 

whereas  with  an  excess  of  aldehyde  infusible  and  insoluble  cross-linked  polymers  of  the  resite  type  are  formed. 

The  insoluble  polymers  are  actually  modified  resites  since  the  aromatic  nuclei  contain  — (XH2COOH  groups  in 
place  of  phenolic  hydroxyls.  These  insoluble  cross-linked  polycarboxylic  acids  swell  relatively  slightly  in  water 
and  to  a  very  much  greater  extent  in  aqueous  alkalies  (due  to  salt  formation)  and  enter  into  ion-exchange  reac¬ 
tion  with  salts  of  metals  and  organic  bases. 

They  are  consequently  typical  weak -acid,  ion-exchange  resins  (KFU);  their  exchange  capacity  for  metal 
ions  (5.8  mg-equiv./g)  is  approximately  half  of  that  of  cationites  of  the  type  of  cross-linked  polymers  of  metha- 
crylic  acid. 

Bresler  and  Samsonov  [2]  showed  that  KFU  resin  is  considerably  superior  to  methacrylic  resins  in  selective 
absorbability  of  ions  of  streptomycin  in  presence  of  metal  ions.  This  was  attributed  to  the  distance  between  the 
carboxyl  groups  being  much  larger  than  in  polymers  of  methacrylic  acid.  It  was  therefore  of  interest  to  prepare 
cationites  with  even  greater  capacity  for  metal  ions  by  introduction  into  the  polymer  chains  of  segments  not  con¬ 
taining  ionogenic  groups,  for  example  methyleneanisole  groups  — CgH3(CX:;H3)CH2— .  It  appeared  likely  that  this 
could  be  effected  by  copolycondensation  of  formaldehyde  with  phenoxyacetic  acid  and  anisole.  The  literature 
does  not  contain  any  information  about  polycondensation  of  anisole  with  formaldehyde.  We  therefore  decided 
in  the  first  place  to  establish  to  what  extent  anisole  is  capable  of  entering  into  a  reaction  of  this  type.  It  was 
then  found  that  in  aqueous  solutions  formaldehyde  reacts  in  an  acid  media  with  much  greater  difficulty  with 
anisole  than  with  phenoxyacetic  acid  and  forms  only  liquid  condensation  products.  On  conducting  the  reaction 
at  100-105"  in  an  anhydrous  medium,  using  formaldehyde  in  the  form  of  paraformaldehyde  and  sulfuric  acid  as 
catalyst,  anisole  can  be  brought  into  polycondensation  reaction,  although  even  under  these  conditions  its  reaction 
with  formaldehyde  is  very  much  slower  than  that  of  phenoxyacetic  acid.  This  is  clearly  seen  from  the  diagram 
which  shows  the  change  in  the  free  formaldehyde  content  of  the  mixture  in  course  of  its  condensation  with  an 
equimolar  quantity  of  anisole,  phenoxyacetic  acid  or  their  mixture  (1 ;  1)  in  presence  of  0.1  and  2.5%  sulfuric  acid. 

In  experiments  with  0.1%  H2SO4  anisole  combined  with  only  50%formaldehyde  after  75  minutes,  an 
equimolar  mixture  of  anisole  and  phenoxyacetic  acid  combined  with  65%,  and  phenoxyacetic  acid  combined  with 
96%.  In  presence  of  2.5%  H2SO4  the  formaldehyde  combined  with  phenoxyacetic  acid  completely  after  only  5 
minutes  and  with  anisole  to  the  extent  of  82%  after  130  minutes. 
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Rate  of  polycondensation  of  anisole  (I), 
phenoxyacetic  acid  (III)  and  their  1 :  1  mix¬ 
ture  (II)  with  formaldehyde  in  presence  of 
0.1«^  (I.  II,  ni)  and  2.5%  (la.  lUa)  HjSQ*. 

A)  Quantity  of  CHjO  combined  (in  %),  B) 
duration  in  min. 

then  distilled  off  with  steam. and  the  catalyst 
water. 


In  the  case  cf  copolycondensation  of  paraformal¬ 
dehyde,  phenoxyacetic  acid  and  anisole  under  the  same 
conditions,  the  formaldehyde  was  fully  combined  after 
50-75  minutes  even  with  a  large  excess  of  anisole  and 
its  mixture  with  phenoxyacetic  acid.  Consequently  anisole 
reacts  faster  with  formaldehyde  in  presence  of  phenoxy¬ 
acetic  acid  than  in  its  absence.  Soluble  products  of  poly- 
condensation  were  only  formed  if  the  reaction  mixture  con¬ 
tained  not  more  than  one  mole  of  formaldehyde  per  mole 
of  phenolic  component  (Table  1). 

It  was  desired  to  obtain  soluble  products  of  poly- 
condensation  of  anisole.  phenoxyacetic  acid  and  formal¬ 
dehyde  containing  groupings  of  anisole  as  well  as  phenoxy¬ 
acetic  acid  in  the  chain.  For  this  purpose  we  performed 
experiments  in  which  the  initial  molar  ratio  of  phenoxy  - 
acid  to  anisole  was  varied  from  1 : 1  to  1 :  2  and  1 : 3. 

Each  mixture  was  reacted  with  an  equimolar  amount  of 
formaldehyde  in  the  form  of  paraformaldehyde. 

Condensation  was  performed  at  100-105*  in  presence 
of  2.5%  H2SO4  until  nearly  complete  reaction  of  the  com¬ 
ponents  of  the  mixture.  The  residues  of  monomers  were 
and  phenoxyacetic  acid  were  carefully  washed  out  of  the  resin  with 


We  see  from  Table  1  that  the  resin  yield  reached  or  exceeded  90%  of  that  theoretically  calculated.  The 
duration  of  condensation  increased  with  progressive  partial  or  complete  replacement  of  phenoxyacetic  acid  in 
the  initial  mixture  by  anisole  from  5  min  to  5  hr,  while  the  melting  point  of  the  condensation  products  gradually 
fell  (from  130-135*  to  39-48*). 

All  of  these  products  were  colorless,  amorphous,  hard  but  brittle  resins,  easily  soluble  in  acetone.  With  the 
exception  of  the  anisole— formaldehyde  resin,  they  were  all  completely  soluble  in  aqueous  alkali  solutions. 

Hence  the  resins  obtained  from  a  mixture  of  anisole  and  phenoxyacetic  acid  are  true  polycondensates  of 
these  substances  with  formaldehyde  and  not  mixtures  of  anisole -formaldehyde  resins  with  carboxy anisole -formal¬ 
dehyde  resins. 

TABLE  1 

Composition  and  Properties  of  Soluble  Resins  Obtained  with  Various  Ratios  of  Anisole  to 

Phenoxyacetic  Acid  (FK) 


Quantity  of 
reactants  in 
original  mix - 
ture(in  moles 
per  mole  of 
CHjO) 

Duration  of  reac¬ 
tion  (in  min) 

Yield  of  resin  (in 
%of  theory) 

Melting 

point 

CO 

Content  (in  %) 

Molecular  weight 
found 

Degree  of  poly¬ 
merization  n 

COOH 

c 

H 

FK 

anisole 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

found 

calcu¬ 

lated 

1 

0 

5 

95 

130—135 

27.0 

27.7 

65.5 

65.4 

5.3 

4.9 

1/2 

1/2 

50 

95 

101—111 

16.2 

17.0 

71.2 

71.4 

5.8 

5.7 

998 

6.1 

1/3 

2/3 

75 

96 

88—89 

10.8 

11.2 

74.4 

74.6 

6.1 

6.0 

615 

3.7 

1/4 

3/4 

— 

— 

54-56 

7.7 

8.5 

75.3 

74.5 

6.4 

6.2 

622 

3.8 

0 

1 

300 

88 

39—48 

— 

— 

78.7 

79.2 

6.0 

6.7 

663 

4.6 
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The  elemental  composition  of  the  resins  and  their  content  of  carboxyl  groups  (found  by  titration)  were 
found  to  be  close  to  those  calculated  on  the  basis  of  the  initial  ratio  of  reactants  in  the  reaction  mixtures  and 
the  composition. 

A  B 

/-Cella-CHa-X  /-CcHa-CHz-X 

\  OCUzCOOH  \  OCH3  }\-n 


where  n  =  1,  Vit  Vs*  V4  and  0. 

The  molecular  weights  of  the  resins  were  determined  by  the  cryoscopic  method  in  phenol  and  varied  be¬ 
tween  600  and  1000. 

The  molecular  weights  of  groupings  A  and  B  in  the  polymer  were  164  and  120  respectively;  the  soluble 
resiru  that  we  prepared  therefore  contained  an  average  of  5-7  aromatic  nuclei  per  chain.  Apparently  they  have 
a  structure  similar  to  that  established  for  formaldehydic  novolaks  prepared  under  similar  conditions,  namely: 

H(C6H3(0R)CH2l»C6H40R. 


in  which  the  OR  groups  of  different  links  of  one  and  the  same  chain  can  be  OCHs  and  C)CH2COOH  groups  present 
in  the  polymers  in  the  above-mentioned  ratios. 

The  question  arises  as  to  whether  the  different  units  in  the  polymer  chain  are  distributed  uniformly  or 
whether,  due  to  the  greater  activity  of  phenoxyacetic  acid,  the  acid  is  the  first  to  enter  into  reaction  and  the 
anisole  second.  Before  this  can  be  answered  it  is  necessary  to  establish  whether  anisole  is  capable  of  entering 
into  reaction  with  formaldehyde  in  presence  of  phenoxyacetic  acid  when  the  latter  (present  in  the  mixture  in 
excess  in  relation  to  the  aldehyde)  is  able  to  bind  the  aldehyde  completely. 

Under  these  conditions  we  should  expect  the  formation  of  three  products:  methylene -bis -phenoxyacetic 
acid  (I),  methoxybenzyl -phenoxyacetic  acid  (11)  and  dianisylmethane  (ni): 

GH2(c,(n40(:H2C00ii)2,  d) 

CU3OCUII4CH2CHH4OCU2COOH,  di) 

CH2(C6H40CH3)2.  (in) 

if  both  of  the  phenolic  derivatives  (phenoxyacetic  acid  and  anisole)  entered  simultaneously  into  reaction  with 
formaldehyde. 

We  therefore  carried  out  joint  condensation  of  an  equimolar  mixture  of  anisole  and  phenoxyacetic  acid  with 
paraformaldehyde  in  quantity  amounting  to  only  0.1  of  that  necessary  for  complete  binding  of  the  above  phenolic 
derivatives.  These  conditions  would  favor  formation  of  the  condensation  products  with  the  lowest  molecular 
weight—diarylmethanes. 

The  reaction  was  carried  out  in  presence  of  2.5^0  H2SQ4  at  a  temperature  of  100-105*  for  3  hours.  The  un¬ 
reacted  anisole  was  then  distilled  off  with  steam  and  the  residual  oil  was  treated  with  excess  of  1  N  NaOH  solu¬ 
tion  for  removal  of  acidic  reaction  products  and  catalyst.  A  neutral  oily  product  was  thus  obtained;  vacuum  dis¬ 
tillation  enabled  isolation  (in  quantity  of  6.5  g)  of  a  crysulline  fraction  with  b.p.  172*  at  3  mm  Hg.  Its  elemental 
composition  corresponded  to  dianisylmethane  (C4H40CHs)2CH2. 

Found  <70;  C  78.75.  H  7.21 
Ci5Hie02.  Calculated  oJa  C  78.95,  H  7.02 


2776 


TABLE  2 


Exchange  Capacity  and  Swelling  of  Resins  In  Dependence  on  the  Anlsole/ Phenoxyacetlc  Acid  Ratio  In  the  Starting 
Mixture 


Anisole/ 
phenoxyacetic 
acid  ratio  in 
starting  mixture 

Moles  CHjO 
per  phenolic 
nucleus  taken 
for  curing 

Coefficient 
of  swelling  of 
the  Na  form 

in  water 

Exchange  capacity  (in  mg - 
equlv./g) 

COOH  content  (in  %) 

found 

calculated 

found 

calculated 

1.0 

0.9 

2.5 

3.3 

3.5 

14.9 

15.6 

2.0 

1.2 

1.8 

2.6 

2.8 

11.7 

12.6 

3.0 

1.5 

1.3 

1.9 

1.9 

8.5 

8.5 

It  melted  at  39  41*.  l.e.,  slightly  lower  than  pure  p,p*-dlmethoxydlphenylme thane  (49*). 

Anlsole  Is  therefore  capable  of  reacting  with  formaldehyde  with  formation  of  dianisylmethane  even  when  a 
large  quantity  of  phenoxyacetlc  acid  Is  present  in  the  reaction  mixture.  It  is  evident  that  already  in  the  first  step 
of  the  polycondensation  there  are  formed,  side  by  side  with  acid  (I),  products  containing  anlsole  residues,  l.e. 
compounds  (11)  and  (III).  But  since  with  further  growth  of  the  chain  both  of  the  phenolic  derivatives  can  enter 
Into  reaction,  the  resultant  polymers  contain  phenoxyacetic  acid  links  even  with  excess  of  anlsole  in  the  original 
mixture.  Hence  the  complete  solubility  of  these  products  in  alkali. 

The  above -described  soluble  resins  can  be  regarded  as  ethers  of  phenol -formaldehydic  novolaks  In  which 
the  phenolic  nuclei  are  linked  to  one  another  (in  the  o-  or  p-position  to  the  ether  group)  by  methylene  bridges 
and  which  contain  one  active  H  atom  at  each  of  the  central  links  and  two  active  H  atoms  in  the  o-  or  p-positlon 
at  each  of  the  terminal  links.  At  these  positions  the  molecules  can  react  with  formaldehyde  and  become  cross- 
linked  to  form  three-dimensional  polymers  of  the  type  of  etherifled  resitols  or  resites. 

As  our  experiments  showed,  this  "curing”  of  soluble  resins  Is  actually  easily  realized  by  heating  them  to 
120-145"  in  admixture  with  paraformaldehyde  and  3*70  sulfuric  acid  (in  the  form  of  a  50<yo  aqueous  solution)  until 
a  solid  and  infusible  resin  is  formed  which  swells  in  aqueous  alkalies. 

After  pulverization,  the  cured  resin  was  treated  with  1  N  sodium  hydroxide  solution  for  removal  of  soluble 
Impurities,  and  then  with  1  N  sulfuric  acid  solution  for  transformation  Into  the  H  form,  and  finally  with  water 
until  it  gave  a  neutral  reaction.  It  was  then  dried  to  the  air -dry  state. 

Both  in  the  salt  (sodium)  and  acid  forms,  the  cured  resins  consist  of  hard,  mechanically  strong,  yellow  gra¬ 
nules,  insoluble  in  organic  solvents  and  aqueous  alkali  solutions.  They  are  weakly  acid  ionites  (KFUA). 

They  swell  very  slightly  in  water  when  in  the  acid  form  but  they  increase  appreciably  In  volume  in  aqueous 
alkalies  due  to  transition  to  the  salt  form. 

The  number  of  carboxyl  groups  in  the  resins  and  their  exchange  capacity  are  easily  determined  by  titration 
with  1  N  sodium  hydroxide  solution  or  by  back  titration  with  alkali  of  the  acetic  acid  displaced  by  the  resins  on 
immersion  in  a  neutral  solution  of  sodium  acetate. 

As  we  see  from  Table  2,  the  exchange  capacity  of  these  resins  and  their  swelling  coefficients  in  the  sodium 
form  vary  in  dependence  on  the  anisole  / phenoxyacetic  acid  ratio  in  the  original  mixture.  An  increase  in  the 
proportion  of  anlsole  from  1  to  3  moles  per  mole  of  phenoxyacetlc  acid  in  the  starting  mixture  led  to  a  fall  In 
exchange  capacity  from  3.3  to  1.9.  The  latter  figure  is  close  to  the  capacity  calculated  on  the  assumption  that 
the  reactants  entered  completely  into  reaction  with  formation  of  a  weakly  cross-linked  three-dimensional  polymer 
which  contains  1  to  3  moles  of  methyleneanlsole  links  for  each-CH2CgH3(CX;HjCC)OH)— link. 

KFUA  resins,  containing  1  to  3  moles  methyleneanlsole  links  per  methylenephenoxyacetic  acid  link,  swelled 
very  much  less  In  1  N  sodium  hydroxide  solution  than  KFU  resins  prepared  from  phenoxyacetic  acid  alone.  With 
increasing  relative  content  of  anisole  links  their  coefficient  of  swelling  fell  from  2.5  to  1.3  in  proportion  to  the 
content  of  carboxyl  groups  in  the  resins. 
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SUMMARY 


1.  It  was  shown  that  anisole  in  presence  of  traces  of  sulfuric  acid  can  enter  into  polycondensation  reactions 
with  paraformaldehyde,  with  formation  of  low-melting  anisole -formaldehyde  resins,  soluble  in  acetone  but  insolu¬ 
ble  in  aqueous  alkalies.  These  resins  are  of  the  etherified  phenol-formaldehyde  novolak  type. 

2.  In  a  reaction  mixture  comprising  anisole,  paraformaldehyde  and  phenoxyacetic  acid.  Joint  condensation 
takes  place  with  formation  of  copolymers  of  the  composition 

(CbHsCOCHsJCHzI,  lCeH3(OCHjCOOH)CH2lm, 


containing  units  of  all  of  the  three  components  in  the  same  ratios  as  in  the  starting  mixture. 

3.  The  presence  in  the  starting  mixture  of  one  molecule  of  formaldehyde  per  aromatic  nucleus  led  to  forma¬ 
tion  of  easily  fusible  resins  with  a  molecular  weight  of  600-1000,  completely  soluble  in  acetone  and  aqueous  alka¬ 
lies  even  when  n/  m  =  3. 

4.  Heating  of  the  soluble  resins  with  paraformaldehyde  in  presence  of  sulfuric  acid  led  to  loss  of  solubility 
and  conversion  to  cross-linked  polymers  of  the  resite  type,  swelling  to  a  limited  extent  in  aqueous  alkalies  and 
constituting  weak -acid  ion -exchangers  (KUFA)  whose  exchange  capacity,  for  an  n/m  ratio  of  1  to  3  varies  from 
3.3  to  1.9  mg-equiv./g. 
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ESSENTIAL  OIL  FROM  FRUIT 

OF  THE  WILD  CARROT  DAUCUS  CAROTA  L.  (CENTRAL  ASIA) 
G.  V.  Pigulevskii  and  V.  I.  Kovaleva 


The  wild  carrot  is  widely  distributed  in  the  European  part  of  the  USSR.  Central  Asia,  and  the  Caucasus. 

As  it  covers  such  a  wide  area,  one  would  expect  the  appearance  of  various  forms,  some  of  which  might  be  val¬ 
uable  agriculturally. 

Our  previous  investigations  [1]  showed  that  the  essential  oils  of  fruit  collected  in  different  regions  of  our 
country  are  quite  different.  The  constants  of  the  oils  differ  considerably.  The  optical  activity  varies  from 
Oq  +  21.36*  to  -  44.0*;  the  ester  number  varies  from  0  to  258.  These  data  show  that  we  can  expect  different 
compositions  for  the  oils,  depending  on  the  habitat  of  Daucus  carota.  Having  made  a  relatively  thorough  study 
of  the  oils  from  fruits  of  the  carrot  collected  in  the  Caucasus  [2],  in  the  present  investigation  we  examined  the 
essential  oils  from  fmits  of  the  carrot  grown  in  the  Tashkent  region  (Central  Asia).  The  essential  oil  had  the 
following  constants:  d4*®  0.9044,  n/*  1.4933,  cxp-23.71*,  acid  number  0.34,  ester  number  5.54  and  a  free 
hydroxyl  content  of  1.66%. 

The  oil  investigated  was  first  hydrolyzed  and  then  fractionally  distilled.  The  first  fraction  (Table  1)  yielded 
(-)-a-pinene,  whose  constants  and  Raman  spectrum  corresponded  to  data  in  the  literature  [3].  The  presence  of  an 
intense  line  with  Ai;  1633  (8)  cm'^  indicated  that  the  pinene  fraction  was  not  homogeneous.  It  is  possible  that 
myrcene,  which  has  a  conjugated  double  bond  system,  was  also  present. 

Fractions  2  and  3  (Table  1)  were  fractionally  distilled  to  give  a  sesquiterpene  fraction  with  b.p.  112-120* 

^  at  9  mm  (Table  2),  which  was  fractionated  and  repeatedly  chromatographed  on  alkaline  aluminum  oxide  (activity 
2).  Two  sesquiterpenes  were  isolated.  According  to  analysis  and  molecular  refraction,  the  first  terpene  (aQ-19.93) 
was  bicyclic  with  two  double  bonds.  The  presence  of  two  double  bonds  was  confirmed  by  the  Raman  spectrum  which 
contained  lines  with  frequencies  characteristic  of  them:  A  v  1659  (2)  cm"^  and  1673  (6)  cm"^.  The  latter  line  was 
very  intense,  indicating  conjugation  of  the  double  bonds. 

TABLE  1 

Results  of  Fractionating  the  Essential  Oil 


Fraction 

No. 

P 

(in 

mm) 

Boiling 
Point 
(in  *C) 

Yield 

OH  group 
content 
(in  %) 

in  g 

in  % 

1 

12 

41—46 

9.3 

4.3 

1.4700 

-22.81° 

0 

2 

10 

121-125 

8S.7 

38.56 

1.4935 

—33.66° 

0.05 

3 

10 

127—137 

113.5 

49.36 

1.4970 

—  16.66° 

3.22 

4 

« 

137-152 

7.2 

3.13 

1.5272 

+14.25° 
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TABLE  2 

Results  of  Distilling  the  Second  and  Third  Fractions 


Fraction 

No. 

P 

(in  mm  ) 

Boiling 

ira'-ib) 

Yield 

(ing) 

OH  group 
content 
un  %) 

1 

8 

112-120 

82.5 

nn 

-36.1.3° 

0 

2 

9 

121-123 

39.0 

-35.72° 

1.35 

3 

9 

125-142 

73.7 

-  6.29° 

4.39 

Residue 

1 

42 

— 

— 

-- 

The  infrared  spectra  of  the  sesquiterpene  and  its  hydrogenation  product  were  very  similar  to  those  of 
of  bergamotene  and  bergamotane,  compounds  which  were  first  described  in  Sorm’s  laboratory  [4].  The  hydro¬ 
carbon’s  constants  were  also  close  to  those  of  bergamotene.  The  other  sesquiterpene  (  ajj-66.58"),  which  was 
more  difficult  to  elute  from  the  chromatographic  column  with  ligroin,  was  found  to  be  the  highly  active  5  - 
bisabolene,  a  monocyclic  sesquiterpene  with  three  double  bonds. 

Our  conclusions  were  supported  by  the  following  evidence:  molecular  refraction,  addition  of  six  H  atoms, 
preparation  of  a  hexachloride  with  m.p.  80.5-81“,  formation  of  acetone  and  formic  acid  on  ozonolysis,  and 
spectroscopic  data. 

The  Raman  spectrum  indicated  the  presence  of  double  bonds:  primary -tertiary  and  secondary -tertiary 
[Ay  1639  (3)  cm‘^  and  1672  (7)  cm'*].  It  should  be  noted  that  the  line  with  the  frequency Av  1672  (7)  cm"* 
was  twice  as  intense  as  the  line  with  Ay  1639  (3)  cm"*.  In  addition  to  conjugation  of  the  double  bonds,  which 
produces  an  increase  in  intensity,  the  presence  of  isolated  double  bonds  with  the  same  degree  of  substitution  in 
the  molecule  may  also  produce  an  Increase  in  intensity.  For  example,  nerolidol  has  one  primary -secondary  dou¬ 
ble  bond  [Ay  1643  (7)  cm'*],  and  two  secondary -tertiary  double  bonds  [A^  1670  (20)  cm"*].  The  line  with  the 
frequency  of  1670  cm'*  is  considerably  more  intense  than  that  with  the  frequency  of  1643  cm"*.  In  our  case 
S  -bisabolene  has  a  primary -tertiary  and  two  secondary -tertiary  double  bonds. 

The  infrared  spectrum  had  bands  with  the  frequencies  of  1644  and  1664  cm"’.  The  infrared  spectrum  was 
similar  to  the  one  obtained  by  Pliva,  Herout,  and  Sorm  [5].  The  spectrum  of  hydrogenated  bisabolene  corresponded 
to  that  of  bisabolane. 

The  high-boiling  fraction  (Table  2)  was  chromatographed  on  a  column  (aluminum  oxide,  activity  2)  and 
then  vacuum  distilled  to  give  an  alcohol,  C15H26O,  which  contained  one  double  bond  and  was  similar  in  properties 
to  carotol,  whose  structure  was  determined  by  Sorm  and  his  co-workers. 

The  Raman  spectrum  contained  a  line  with  Ay  1670  (8)  cm'*,  which  may  be  assigned  to  a  tertiary -tertiary 
double  bond.  Oxidation  of  carotol  with  KMn04  g^ve  a  triol  with  m.p.  142-142.5*. 

On  distillation  of  the  hydrolyzed  oil  (Table  1),  the  fourth  fraction  yielded  crystals  which  had  m.p.  59-60* 
after  recrystallization.  The  melting  point,  analysis,  presence  of  three  methoxyl  groups,  and  ultraviolet  absorption 
spectrum  indicated  that  this  product  was  asarone,  Ci2Hig03.  Its  picrate  had  m.p.  82*. 

The  composition  of  the  oil,  which  contained  (-)-a-pInene,  bergamotene,  bisabolene,  carotol,  and  asarone, 
was  closest  to  that  of  the  oil  from  cultivated  carrots  (Caucus  sativus  L.),  which  was  investigated  by  the  Japanese 
scientists  Asachina  and  Tsucamoto  [6].  They  state  that  the  oil  contained  asarone,  carotol,  bisabolene,  and  daucol. 

EXPERIMENTAL 

Preparation  of  essential  oil.  Steam  distillation  of  14  kg  of  powdered  fruits  of  the  wild  carrot  yielded  269  g 
of  essential  oil  (1.99<7o). 

Fractional  distillation.  Hydrolysis  of  250  g  of  the  essential  oil  yielded  230  g  of  essential  oil  which  was 
fractionally  distilled  (Table  1). 
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Isolation  of  a-pinene.  Redistillation  of  die  first  fraction  yielded  4  g  of  a  substance  with  b.p.  37-38* 

(18  mm).  It  had  the  following  constants:  d^*®  0.8516,  n^*®  1.4685,  ap— 23.20*.  b.p.  156-158*  (760  mm). 

Raman  spectrum.  Ai/:  205(3),  259(5),  305(2),  329(2),  360(1),  386(3),  421(2).  471-474(3).  563(4),  615(3), 
640(1).  664(10).  765(4).  818(1).  840(6).  884(2).  905(3).  929(3),  951(5),  989(1),  1012(2),  1043(4),  1058(2).  1081(4), 
1123(2).  1145(1).  1161(3).  1220(3),  1257(2),  1284-1306(3).  1329(4),  1375(3),  1429(8)-1449(6).  1633(8).  1659(6), 
2783(10).  2872(3),  2908-2935(7),  2986(3). 

Isolation  of  sesquiterpenes.  202  g  of  fractions  No.  2  and  3  (Table  1)  were  distilled  at  9  mm  (Table  2). 

The  first  fraction  (112-120*)  was  vacuum  distilled.  Repeated  chromatographing  of  the  fractions  obtained 
yielded  two  sesquiterpenes  — bergamotene  and  bisabolene. 

Bergamotene.  B  p.  96-98“  (3  mm),  0^-19.93*.  n^*®  1. 4895,  d4^®  0.8845  (literature  data  [7]). 

Found  <7.;  C  87.94,  87.79;  H  11.85,  11.98 
C15H24.  Calculated  C  88.14.  H  11.86 

Raman  spectrum  of  bergamotene.  Ai;:  625(1),  679(3).  798(1),  838(3),  1040(2).  1066(3).  1211(1).  1261(2), 
1301(2).  1341(3),  1377(4).  1430-1456(8),  1659(2).  1673(6).  2828(0..5),  2930(2),  3047(4).  3128(2). 

Infrared  absorption  spectrum  of  bergamotene,  y:  1653  (av),1642  (on  shoulder),  1577(w),  1554(av),  1448(s), 
1379(s),  1335(av).  13l6(w).  1290(w).  1231(av),  1216(av).  1200(av).  1168(av).  1153(w),  1123(s).  1102(s).  1085(s). 
lOfiKav),  1014(vs).  985(vs).  955  (vs).  927(s),  884(s).  830(s),  788(s),  769(av).  737(av). 

Tetrahydrobergamotene.  Bergamotene  was  hydrogenated  in  glacial  acetic  acid  in  the  presence  of  platinum 
black.  The  hydrogenation  product  had  the  following  constants: d4*®  0.8639,  n^*®  1,4886,  aQ-2.8*. 

Found  o/rt  C  86.88,  H  13.28;  MR^  67.10 
CijHjg.  Calculated  C  86.45.  H  13.54;  MR^  67.05 

Infrared  spectrum  of  tetrahydrobergamotene,  y:  1471(vs),  1383(vs),  1355(vs),  1320(s),  1265(s),  1231(s), 
1215(s).  1170(s),  1156(s),  1144(s),  1076(av),  1050(av),  1024(s),  999(s),  989(s),  936(av),  917(av),  891(s),  872(s), 
835(s). 

0  -Bisabolene  was  more  difficult  to  elute  from  the  chromatography  column  with  llgroin  than  bergamotene. 
B.p.  129-130“  (9  mm),  d4*®  0.8689,  n^*®  1.4910,  ap-66.58*;  it  formed  a  trihydrochloride  with  m.p.  80.5-81*. 

Found  <7.:  C  87.90.  87.80;  H  11.85,  11.77;  MRp  68.10;  M  200.9.  207.8. 

C15H24.  Calculated  <>/r:  C  88.14.  H  11.86,  MRj)  67.87;  M  204 

Raman  spectrum  of  0  -bisabolene.  Ay  :  429(1),  452(1),  496-526(1),  700(1),  757(5),  796-844(3-1),  883-925 
(2-1),  950-979(1),  1002-1026(2),  1066-1081(4),  1095-1111(4). 1138-1162(5),  1194-1247(2-1).  1278-1339(2), 
1378(4).  1427-1456(6),  1577(1),  1638(3),  1672(7).  2785(7),  2829-2929(3),  2971(1). 

Infrared  spectrum  of  0  -bisabolene,  y:  1780(w),  1664(on  shoulder),  1644(vs),  1448(vs),  1379  (vs),  1336(vs), 
1312(av).  1284(av),  1239(av).  1225-1232(s),  1197(s),  1151(vs).  1108(s),  1069(av),  1046(vs).  1012(vs).  985(vs), 
956(s),  916(vs).  889(vs).  861(w).  830(vs).  800(vs).  761(s). 

Hexahydrobisabolene.  This  compound  was  obtained  by  hydrogenation  of  0  -bisabolene  in  the  presence 
platinum  black  in  glacial  acetic  acid.  B.p.  103-105"  (5mm).  d4^®  0.8230,  njj^®  1.4530,  aj)-0.43*  (literature  data 
[5]). 

Found  C  86.22.  86.26;  H  14.69,  14.75;  MR^  69.11 
CigHgo.  Calculated  ojcx  C  85.62,  H  14.37;  MR^  69.27. 

Infrared  absorption  spectrum  of  hexahydrobisabolene,  y;  1471(vs).  1388(vs),  1312(av).  1283(w),  1258(av), 
1228(av),  1206(av),  1171(vs).  1125(av).  I098(s).  1080(on  shoulder).  1057(av).  1032(av).  978(vs).  968(vs),  952(s). 
933(av),  918(s),  888(s),  879(on  shoulder),  855(av),  836(w). 
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Ozonlzation  of  B  -bisabolene.  Ozonolysls  gave  the  following  results:  acetone  0.85  mole,  formic  acid 
0.94  mole,  and  formaldehyde  0.48  mole. 

Carotol.  Chromatography  of  the  higher  fractions  (Table  2)  on  aluminum  oxide  (alkaline,  activity  2) 
yielded  the  alcohol  carotol.  Its  constants  were  as  followsryb.p.  117-117.5  (3  mm),  ap  +  32.02*,  njj*®  1.4964, 
d4’®  0.9604.  OH  group  content  7.58<^  (calculated  7.65).  Oxidation  with  KMnO^  yielded  a  triol  with  m.p.  142- 
142.5*. 

Found  ojcs.  C  81.50,  81.57}  H  11.84,  11.75;  M  217.1,  222.7}  MRp  67.63. 

CisHj,.  Calculated  <9k  C  81.06,  H  11.78;  M  222.23;  MRp  68.13. 

Raman  spectrum  of  carotol,  Au ;  290(1),  305(1),  336-366(1),  415-438(2),  452(1),  481(1),  509(1),  542(2), 
581(2),  613(3),  653-710(2),  811(5),  842(4),  889(3),  927-1032(3),  1083-1196(8),  1374(5),  1427-1465(3),  1670(8). 

Asarone.  On  standing,  fraction  No.  4  (o^  +  14.25*)  deposited  crystals  which  had  m.p.  59-60*  after  re¬ 
crystallization  from  hot  aqueous  alcohol.  It  formed  a  picrate  with  m.p.  82*. 

Found  C  69.46,  69.29;  H  8.23,  8.24;  OCH,  2.79,  2.92 

CijHx^s.  Calculated  oJa  C  69.10,  H  7.74;  OCH,  3. 


SUMMA  RY 

The  essential  oil  from  the  fruit  of  the  wild  carrot  (Daucus  carota  L.),  growii^  in  Central  Asia  (Tashkent 
Region),  contains  (-)-a-pinene,  myrcene  (T),  sesquiterpenes,  bergamotene  (ap  -19.3*)  and  b  -bisabolene 
(a^-66.58*),  the  alcohol  carotol  (ap-t-  32.02*),  and  asarone.  The  Raman  spectra  of  bergamotene,  B  -bisabolene, 
and  carotol  were  plotted. 
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ARABOGALACTAN  AND  OTHER  W  A  T  E  R  -  EX  T  R  A  C  T  A  B  LE  SUBSTANCES 


FROM  SIBERIAN  LARCH 

I.  P.  Tsvetaeva  and  A.  V.  Mercur'eva 


It  was  previously  shown  [1]  that  there  is  a  need  for  practical  use  of  the  arabogalactan  of  Daur  larch^in  the 
treatment  of  the  cellulose  of  this  important  species  of  Eastern  Siberia.  Investigations  [2]  showed  the  advantage 
of  a  preliminary  extraction  of  arabolactan  with  hot  water  from  the  wood  chips  under  pressure  with  subsequent 
hydrolysis  and  fermentation  of  the  galactose  to  alcohol.  These  investigations  showed  the  importance  of  studying 
the  composition  of  the  hydrolyzates.  Bearing  in  mind  this  application  scheme  and  the  fact  that  an  average  of 
about  lO<Vrof  arabogalactan  is  contained  in  the  wood  of  Daur  larch  (largely  In  the  heart  wood  and  only  0.6-1.4<yo 
in  the  sapwood),  we  considered  that  it  was  of  practical  interest  to  study  the  properties  of  the  arabogalactan  of 
Siberian  Larch,  which  is  also  an  extremely  abundant  indigenous  species.  The  present  work  was  therefore  devoted 
to  the  problem. 

Both  of  these  varieties  of  larch— Daur  and  Siberian— are  very  similar  in  properties  and  arabogalactan  content. 

Despite  the  fact  that  a  whole  series  of  works  have  been  devoted  to  the  investigation  of  arabogalactan  of  larch, 
problems  of  the  structure,  homogeneity,  and  molecular  weight  of  this  polysaccharide  remain  unsolved  at  present 
[1,  3].  However,  on  the  basis  of  data  from  recent  work  [4-6],  it  is  considered  that  the  basis  of  arabogalactan  con¬ 
sists  of  ft  -D-galactopyranose  residues,  linked  through  the  1-3'  positions,  with  most  of  these  having  side  chains, 
consisting  of  6 -D-galactopyranose  residues,  attached  through  the  1-6*  positions.  To  this  basis  are  attached 
arabinose,  galactose,  and  also  disaccharides  of  these  sugars.  The  molar  ratio  of  galactose  to  arabinose  is  approx¬ 
imately  6:1. 

As  Investigations  of  the  arabogalactan  of  Daur  Larch  showed  [1],  the  substances  extracted  with  water  from 
the  heart  wood  differed  sharply  from  those  extracted  from  sapwood.  The  hydrolysis  products  of  the  water-extract- 
able  substances  from  the  heart  wood  were  galactose  and  arabinose,  apparently  indicating  the  presence  of  arabo¬ 
galactan  as  such.  The  hydrolyzates  of  the  water-extractable  substances  from  the  sapwood  consisted  of  glucose, 
galactose,  mannose,  arabinose,  and  xylose  and  the  problem  of  whether  the  galactose  and  arabinose  in  them  form 
an  arabogalactan  molecule  or  whether  they  are  constituents  of  other  hemicelluloses  remains  unsolved  as  yet.  The 
composition  of  the  hydrolyzates  of  the  water-extractable  substances  from  the  heart  wood  was  found  to  be  more  or 
less  constant  (with  slight  variations),  while  the  composition  of  the  hydrolyzates  of  the  water-extractable  substances 
from  the  sapwood  was  quite  different  for  different  samples.  The  molar  ratio  of  galactose  to  arabinose  in  the  hydrol¬ 
ysis  products  of  arabogalactan  from  the  heart  wood  of  Daur  Larch  varied  from  4.07  to  5.. “13. 

In  the  present  work  we  were  interested  in  the  composition  of  the  polysaccharides  extracted  by  water  from 
the  heart  wood  and  sapwood  of  Siberian  Larch. 

EXPERIMENTAL 

Wood  samples  from  20-year  old  Siberian  Larches  for  the  investigation  were  collected  in  the  autumn  of  1957 
and  the  spring  of  1958  in  the  nursery  of  theS.  M.  Korov  Leningrad  Wood  Technology  Academy.  The  trees  from 
which  the  samples  were  collected  grew  very  close  to  each  other  and  the  main  difference  between  them  was  that 
one  of  them  grew  in  a  shady  place  and  the  other  two  had  good  illumination.  For  a  light -loving  species  such  as 
larch,  the  illumination  is  of  great  importance.  Therefore,  in  the  analysis  of  the  samples  we  considered  this  factor. 

•The  term  "daurskaya  listvennitsa"  is  used  in  this  article.  The  only  reference  I  can  find  to  this  tree  is  in  the  title  of 
of  a  paper,  mentioned  in  the  present  article  and  translated  in  Tlurrent Chemical  Papers",  where  it  is  given  as  "Daur 
Birch".  This  seems  an  odd  translation  when  the  authors  of  the  present  article  specifically  state  that  the  tree  is  a  larch. 

I  have  therefore  used  the  term  "Daur  Larch".— Translator’s  note. 
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TABLE  1 


Characteristics  of  Wood  Samples  of  Siberian  Larch 


Sample  No. 

No.  of  annual  rings 

Over -all  dia¬ 
meter  in  bark 
at  a  height  of 
1.3  m  (in  mm) 

Illumination 

conditions 

Content  of  water- ex¬ 
tractable  products  (<7o) 

Time  of  sample 
collection 

heart 

sapwood 

in  heart 

in  sapwood 

1 

13 

7 

255 

Good 

12.5 

1.9 

Autumn 

2 

9 

9 

55 

Poor 

8.5 

1.0 

Autumn 

3 

20 

208 

Good 

27.1 

2.5 

Spring 

TABLE  2 


Composition  of  Hydrolyzates  of  Water -Extractable  Substances  from  Heart  Wood  of  Siberian  Larch 


Sample  No. 

Sugar  content  of  hydrolyzate 
(in  weight  ojg) 

Total  sugar  con¬ 
tent  of  hydrol¬ 
yzate  (in  weight 
%) 

Composition  of  hydrol¬ 
yzate  sugars  (in  <7o) 

Ratio  of  galactose 
to  arabinose  (in 
moles) 

galactose 

arabinose 

galactose 

arabinose 

1 

1.718 

0.366 

2.084 

82.4 

17.6 

3.93 

2 

1.452 

0.402 

1.854 

78.3 

21.7 

3.00 

3 

1.864 

0.358 

2.222 

84.0 

16.0 

4.55 

The  wood  samples  were  reduced  to  powders.  The  powders  (particle  size  0.25-1.00  mm)  were  first  freed 
from  resin  by  an  alcohol -benzene  extraction  (by  the  usual  method)  and  then  extracted  with  water  [3].  The  aqueous 
extract  was  filtered  and  evaporated  to  a  volume  of  approximately  25  ml.  The  substances  extracted  from  the  wood 
were  precipitated  from  the  extract  with  six  times  the  volume  of  ethyl  alcohol,  collected  by  filtration  and  dried. 
The  product  obtained  was  hydrolyzed  with  2.^o  sulfuric  acid  (6  hours  on  a  boiling  water  bath  with  a  water  ratio 
of  1 :50).  After  the  hydrolysis  the  filtered  hydrolyzates  were  analyzed  chromatographically. 

Table  1  gives  data  on  the  samples  investigated. 

The  composition  of  the  water-extractable  products  was  determined  chromatographically.  The  sugars  were 
separated  by  the  method  described  by  Emel’yanova  and  Batrakova  [7]. 

Paper  from  the  Leningrad  Paper  Plant  No.  2,  1956  issue,  was  used  for  descending  chromatograms.  The 
solvent  was  ethyl  acetate -pyridine -water  in  a  ratio  of  5: 1 ;  5  and  the  developer  was  aniline  phthalate.  The 
sugars  on  the  chromatogram  were  determined  quantitatively  by  potentiometric  ebulliostatic  titration  [7]  We 
used  0.03  ml  samples  of  hydrolyzate  for  analysis. 

All  the  numerical  data  given  in  the  present  article  refer  to  the  averages  of  3-5  (and  sometimes  7)  parallel 
determinations.  The  accuracy  of  our  determinations  was  an  average  of  i  4-5*70.  With  a  sugar  content  within  the 
range  200-600  yg  in  the  drop  examined,  it  rose  to  l-2<7o  and  with  a  sugar  content  of  10-30  ug,  it  fell  to  8<7o. 

Chromatograms  obtained  from  hydrolyzates  of  water -extractable  substances  from  heart  wood  and  sapwood 
of  Siberian  Larch  differed  sharply  from  each  other.  In  all  cases  the  hydrolyzates  of  water -extractable  substances 
from  heart  wood  were  found  to  contain  only  two  sugars:  galactose  and  arabinose.  The  hydrolyzates  of  water- 
extractable  substances  from  sapwood  also  contained  glucose,  mannose,  and  xylose  and  the  amounts  of  all  the 
sugars  were  quite  different  in  different  samples.  This  difference  could  be  detected  even  on  qualitative  chromato¬ 
grams.  Thus,  here  we  encountered  the  same  phenomenon  as  was  found  in  the  study  of  Daur  Larch  [1]. 
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TABLE  3 


Composition  of  Hydrolyzates  of  Water-Extractable  Substances  from  Sapwood  of  Siberian 
Larch 


Sample  No. 

Sugar  content  of  hydrolyzate 
(in  wt.  %) 

Composition  of  hy 
sugars  (in 

drolyzate 

Ratio  of  galac¬ 
tose  to  arabinose] 
(in  moles) 

arabinose 

xylose 

mannose 

glucose 

total 

galactose 

arabinose 

xylose 

mannose 

glucose 

1 

1.183 

0.384 

0.062 

Traces 

None 

1.629 

72.6 

23.6 

1 

3.8 

2.60 

2 

0.966 

0.539 

0.318 

0.086 

None 

1.909 

50.5 

28.1 

16.7 

4.5 

— 

1.50 

3 

1.734 

0.390 

0.093 

Traces 

Traces 

2.217 

78.2 

17.6 

4.2 

3.75 

1 

Table  2  gives  the  results  of  determining  the  sugars  in  the  hydrolyzates  of  water -extractable  substances 
from  the  heart  wood. 

As  the  table  shows,  the  water -extractable  substances  were  apparently  actual  arabogalactan,  as  in  the  case 
of  Daur  Larch.  Some  variation  in  the  amounts  of  the  constituent  sugars  was  also  observed  for  Siberian  Larch.  The 
ratio  of  galactose  to  arabinose  nowhere  exceeded  6  and  varied  between  S.OO  and  4.55. 

It  may  be  noted  that  for  sample  No.  2,  grown  under  poor  illumination  conditions,  a  larger  amount  of 
arabinose  was  found  in  the  arabogalactan  of  the  heart  wood.  In  addition,  there  was  some  decrease  in  the  arabinose 
in  the  arabogalactan  of  the  heart  wood  of  the  sample  collected  in  spring,  as  compared  with  the  sample  collected 
In  autumn  (samples  No.  1  and  3,  grown  under  good  illumination  conditions).  The  change  in  the  composition  of 
the  polysaccharides  may  be  connected  with  seasonal  changes  or  with  the  conditions  of  growth  of  the  tree.  It  is 
understood  that  all  these  suppositions  should  be  checked  with  a  large  amount  of  experimental  material,  which  we 
do  not  have  available  as  yet. 

Analysis  data  on  the  hydrolysis  products  of  water-extractable  substances  from  sapwood  of  Siberian  Larch 
are  presented  in  Table  3.  As  the  table  shows,  it  is  difficult  to  establish  any  regularities  in  the  composition  of  the 
water-extractable  substances  of  sapwood.  It  is  true  that  a  small  number  of  samples  was  investigated,  but  the 
variations  in  the  amounts  of  separate  sugars  were  so  great  that  it  is  hardly  possible  to  talk  of  any  constancy  of 
composition.  As  in  the  water-extractable  substances  of  the  heart  wood,  the  extraction  products  of  sapwood  sample 
No.  2  contained  the  largest  amount  of  arabinose  and,  consequently,  the  smallest  ratio  of  galactose  to  arabinose. 

As  regards  determining  whether  or  not  arabogalactan  Is  actually  present  in  the  substances  extracted  by  water 
from  sapwood,  we  have  insufficient  data  at  the  present  time  to  solve  this  problem. 

We  were  interested  in  the  problem  of  whether  there  was  a  change  in  the  composition  of  the  product  precip¬ 
itated  by  alcohol  from  the  aqueous  extract  of  heart  wood  and  sapwood  of  Siberian  Larch  during  reprecipitatlon. 

For  this  purpose  the  carbohydrate  complexes  precipitated  from  extracts  of  heart  wood  and  sapwood  samples  No.  1 
and  2  were  reprecipitated  with  alcohol,  hydrolyzed  and  analyzed  chromatographically.  The  analysis  results  are 
given  In  Tables  4  and  5. 

As  Tables  2  and  4  show,  reprecipitatlon  of  the  arabogalactan  of  the  heart  wood  of  Siberian  Larch  had  hard¬ 
ly  any  effect  on  its  composition.  The  ratio  of  galactose  to  arabinose  either  did  not  change  at  all  or  changed  very 
little.  Under  our  conditions,  alcohol  apparently  precipitated  from  water  a  product  of  definite  composition,  which 
again  gives  grounds  for  considering  that  the  carbohydrate  complex  of  the  heart  wood  is  actually  arabogalactan 
and  not  a  mixture  of  separate  fragments  of  hemicelluloses. 

The  reprecipitation  of  water-extractable  substances  from  sapwood  gave  a  different  picture. 

The  reprecipitation  of  these  substances  produced  a  considerable  change  in  their  composition  (Tables  3  and 
5).  In  both  cases  reprecipitatlon  decreased  the  amount  of  arabinose  which  was  apparently  more  difficult  to  pre¬ 
cipitate  with  alcohol  than  the  other  sugard  and  remained  In  solution.  In  passing  we  note  that  in  the  investigation 
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TABLE  4 


Composition  of  Hydrolyzates  of  Water-Extractable  Substances  (Arabogalactan)  from  Heart  Wood  of  Siberian  Larch 
after  Reprecipitation 


Sample  No. 

Sugar  content  of  hydrol- 
yzate  (in  weight  «^) 

Total  sugar  con¬ 
tent  of  hydroly  zate 

Composition  of  hydrol- 
yzate  sugars  (in  <^) 

Ratio  of  galactose 
to  arabinose 

galactose 

arabinose 

(in  weight  <^<0 

galactose 

arabinose 

(in  moles) 

1 

1.719 

0.361 

2.080 

82.5 

17.6 

3.93 

2 

1.636 

0.398 

2.034 

80.5 

19.5 

3.45 

TABLE  5 

Composition  of  Hydrolyzates  of  Water -Extractable  Substances  from  Sapwood  of  Siberian 
Larch  after  Reprecipitation 


Sample  No. 

Sugar  content  of  hydrolyzate  (in  wt.  o/o)  j 

1 

(Composition  of  Iwdrolyzate 
sugars  (in  wo) 

Ratio  of  galac¬ 
tose  to  arabinose 
(in  moles) 

o 

o 

1  ^ 
o 
c 

2 

Im 

0) 

8 

X 

u 

tA 

o 

c 

a 

c4 

E 

1 

1  ^ 

8 

a 

1  ob 

3 

o 

4)  1 

u» 

o  1 

o 

<4 

<4 

00 

V 

o 

c 

nJ 

(U 

CA 

o 

X 

(U 

8 

c 

c 

ed 

E 

0) 

c/) 

o 

o 

a 

00 

1 

2 

1.698  ' 
0.7-'i() 

0.286 

0.257 

1 

0.148 

0.210 

None 

None 

1 

1  0.063 

'  None 

1 

1 

2.195 

1.207 

77.4 

61.3 

13.0 

21.3 

6.8 

17.4 

— 

2,8 

4.90 

2.43 

of  the  reprecipitated  product  from  sapwood  of  Daur  Larch,  the  combined  filtrates  from  six  reprecipitations  con¬ 
tained  63.9S%  arabinose  [1];  this  confirms  our  data.  The  decrease  in  the  arabinose  content  immediately  affected 
the  ratio  of  galactose  to  arabinose.  which  increased  on  reprecipitation. 

This  indicates  that  the  water -extractable  substances  of  sapwood  contained  a  mixture  of  separate  hemicel- 
luloses  of  low  molecular  weight.  However,  we  cannot  exclude  the  possibility  that  they  contained  a  certain  amount 
of  true  arabogalactan.  Further  investigations  are  required  to  elucidate  this  point. 

Evidently  the  precipitation  of  this  mixture  may  proceed  differently  even  under  more  or  less  equal  conditions. 
In  this  case,  apparently,  the  solubility  of  the  sugars,  the  size  of  their  molecules,  and  the  absolute  amount  of  sub¬ 
stances  are  of  importance.  In  any  case,  there  is  no  doubt  that  the  composition  of  the  water-extractable  substances 
from  sapwood  changed  on  reprecipitation. 


SUMMA  RY 

1.  Water-extractable  substances  from  the  heart  wood  of  Siberian  Larch  differ  in  composition  from  those 
obtained  from  the  sapwood.  as  in  the  case  of  Daur  Larch. 

2.  As  in  the  case  of  Daur  Larch,  the  water -extractable  substances  from  the  heart  wood  of  Siberian  Larch 
are  apparently  true  arabogalactan,  consisting  of  galactose  (78.3-84. 0<^)  and  arabinose  (16.0-21.7<yo).  The  quanti¬ 
tative  fatio  of  galactose  to  arabinose  varies  from  3.00  to  4.55.  Reprecipitation  hardly  changed  the  composition 
of  the  water-extractable  substances  from  the  heart  wood. 

3.  The  water -extractable  substances  from  the  sapwood  of  Siberian  Larch  give  galactose,  mannose,  arabinose 
xylose,  and  glucose  in  various  amounts  on  hydrolysis.  The  composition  of  these  hydrolyzates  was  not  constant.  The 
ratio  of  galactose  to  arabinose  varied  from  1.50  to  3.75.  Reprecipitation  of  the  water-extractable  substancesfrom 
sapwood  changed  the  composition  of  their  hydrolyzates. 
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4.  The  data  presented  above  on  the  composition  of  the  water-extractable  substances  from  heart  wood 
and  sapwood  of  Siberian  Larch  should  be  considered  in  the  industrial  processing  (hydrolysis)  of  this  species. 
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ISOLATION  OF  OUINIC  AND  SHIKIMIC  ACIDS  FROM  PLANTS 
AND  THEIR  DETERMINATION 

S.  M.  Manskaya  and  L.  A.  Kodina 

Institute  of  Geochemistry  and  Analytical  Chemistry,  Academy  of  Sciences,  USSR 

Quinic  acid  was  Isolated  by  KIzel*  [1]  from  young  shoots  of  the  fir  in  amounts  representing  10«/o  of  the 
weight  of  air -dried  material.  The  work  of  Butkevish  [2],  Kizel*,  and  Kursanov  [3]  showed  that  quinic  acid  is 
genetically  linked  with  glucose  and  is  an  intermediate  between  carbdiydrates  and  aromatic  compounds  In  plant 
metabolism.  Due  to  the  work  of  Davis  and  his  school  [4,  5],  attention  has  recently  been  focussed  on  shlkimic 
acid  as  a  precursor  of  aromatic  compounds  in  the  living  cells. 

Shikimic  acid  (3,  4,  ,5-trihydroxycycl6hexene-l -carboxylic  acid)  is  similar  in  structure  to  quinic  acid 
(1,  3,  4,  .S-tetrahydroxycyclohexane-l -carboxylic  acid) 

CO OH  COOH 

I  I 

COH  C 

CHa-^NcHz 

Hcl  JcH  Hct  Jen 

/  r;j{  \  /  \ 

OH  Y  OH  OH  Y  OH 
OH  OH 

Quinic  acid  Shikimic  acid 

Shikimic  acid  was  isolated  by  Eijkman  in  1886  from  fruit  of  the  Japanese  anise  Hlicium  religlosum  [6]. 

It  was  later  detected  in  the  leaves  of  Ginkgo  biloba  [7],  Japanese  authors  [8]  studying  the  distribution  of  shikimic 
acid  In  plants  recently  isolated  it  from  pine  needles  (Pinus  Thunbergii  Parlatore)  by  extraction  with  methanol 
and  subsequent  treatment  of  the  evaporated  extract  with  ethyl  acetate  and  acetone. 

Of  particular  interest  Is  the  work  on  the  conversion  of  shikimic  acid  into  the  aromatic  units  of  lignin  (Brown 
and  Nelsh  [9],  and  Eberhardt  and  Schubert  [10]). 

When  radioactive  shikimic  acid  was  introduced  into  sugar-cane  plants,  the  bulk  of  the  radioactivity  was 
detected  in  lignin  and  its  degradation  product,  vanillin.  The  distribution  of  the  active  carbon  atoms  in  the 
vanillin  was  the  same  as  in  the  shikimic  acid. 

We  are  studying  the  distribution  of  quinic  and  shikimic  acids  in  plants  in  connection  with  problems  of  the 
ontogeny  and  phylogeny  of  lignin  [11-12],  During  the  work  there  arose  a  need  for  the  isolation  of  quinic  and 
shikimic  acids  from  plants  and  their  quantitative  determination.  We  isolated  quinic  acid  from  pine  needles 
(Hnus  silvestris  L.),  gathered  in  February,  1957.  The  quinic  acid  was  isolated  bythe  method  of  Kizel*  [1],  which 
he  described  for  fir  needles.  Separation  of  the  quinic  acid  from  accompanying  substances  was  difficult.  The 
quinic  acid  obtained  was  identified  by  the  m.p.  162";  a  mixed  melting  point  with  pure  quinic  acid  was  not  de¬ 
pressed.  The  purity  of  the  preparation  obtained  was  checked  by  paper  chromatography  when  we  obtained  one 
spot  with  Rf  =  0.1,  which  completely  coincided  with  the  Rf  of  the  reference  quinic  acid.  Paper  No.  2  of  the 
Volodarskli  Leningrad  Plant  was  used  for  chromatography.  The  solvent  was  isoamyl  alcohol -formic  acid-water 
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(100:23 :  77).  The  developer  was  0.04<yo  solution  of  Bromocresol  Green  in  96%  ethanol.  We  isolated  shikimic 
acid  from  leaves  of  Ginkgo  biloba,  gathered  in  spring  in  the  Batumi  botanical  garden,  and  also  from  pine  needles 
(Pinus  silvestris  L.),  collected  in  February,  and  also  from  green  cones  of  the  same  type,  collected  in  June  around 
Moscow. 

Leaves  of  Ginkgo  biloba  (600  g)  were  cut  finely  and  fixed  with  1  liter  of  ethyl  alcohol.  The  alcohol  was 
decanted  and  the  leaves  extracted  twice  with  alcohol  for  a  period  of  2  hours  with  heating  on  a  water  bath.  The 
combined  alcohol  extracts  were  evaporated  to  small  volume  (about  100  ml)  in  vacuum.  To  the  evaporated  solu¬ 
tion  was  added  excess  water  to  precipitate  the  chlorophyll.  The  solution  was  filtered  and  to  it  was  added  10% 
lead  acetate  solution  until  precipitation  was  complete.  The  precipitate  was  separated  by  filtration  through  a 
thick  layer  of  paper  pulp  and  washed  well  with  hot  water.  The  excess  lead  was  removed  from  the  filtrate  by  the 
addition  of  20%  H2SO4  solution.  The  precipitate  was  removed  and  washed  with  water.  The  filtrate  and  wash 
waters  were  evaporated  slightly  in  vacuum  and  further  purified  on  activated  charcoal  and  then  on  the  cationite 
KU-2  in  the  form.  The  aqueous  solution  from  the  cationite  was  evaporated  in  vacuum  to  a  thick  sirup  and  the 
then  repeatedly  treated  with  small  portions  of  ethyl  acetate.  The  shikimic  acid  was  extracted  by  ethyl  acetate, 
but  even  after  prolonged  treatment  much  of  it  remained  in  the  residue.  The  residue  was  dissolved  in  water.  By 
paper  chromatography  it  was  found  that  the  aqueous  solution  of  the  residue  contained  quinic  and  shikimic  acids, 
while  the  ethyl  acetate  solution  contained  only  shikimic  acid.  The  ethyl  acetate  solution  was  evaporated  and 
cooling  the  residue  yielded  a  white  precipitate  of  crude  shikimic  acid.  For  further  purification,  the  preparation 
was  repeatedly  treated  with  acetone.  The  product  was  recrystallized  from  absolute  alcohol.  The  shikimic  acid 
preparation  we  obtained  had  m.p.  184-185®. 

Found  C  48.18,  H  5.75 
C7H10O5.  Calculated  %c  C  48.27,  H  5.79 

The  preparation  obtained  gave  a  typical  color  reaction  for  shikimic  acid  with  Nal04  and  aniline.  When 
examined  by  paper  chromatography,  an  aqueous  solution  of  the  preparation  gave  one  spot  with  =  0.24  under 
the  same  conditions  as  for  quinic  acid. 

Shikimic  acid  was  isolated  from  needles  and  green  cones  of  pine  by  the  same  procedure.  However,  freeing 
the  shikimic  acid  in  this  material  from  the  accompanying  substances  was  much  more  difficult  than  in  the  isolatic-"' 
from  ginkgo  leaves.  The  shikimic  acid  crystallized  from  the  mother  solution  very  slowly. 

Pure  preparations  of  shikimic  acid  from  pine  needles  and  green  cones  had  m.p.  184®  and  a  mixed  melting 
point  with  shikimic  acid  from  ginkgo  leaves  was  not  depressed. 

When  examined  by  paper  chromatography,  each  of  these  preparations  gave  one  spot  with  Rf  =  0.24,  coincid¬ 
ing  with  the  Rf  of  shikimic  acid  from  ginkgo  leaves.  To  study  the  distribution  of  quinic  and  shikimic  acid  in 
young  parts  of  plants  during  their  development  and  lignification,  it  was  also  necessary  to  have  an  accurate  chem¬ 
ical  method  for  determining  them.  Yoshida  and  Hasegawa  [13]  developed  a  chemical  method  for  the  quantitative 
determination  of  shikimic  acid  in  plants  by  using  the  oxidation  of  shikimic  acid  with  sodium  periodate  and  sub¬ 
sequent  condensation  of  the  dialdehyde  formed  with  aniline. 

We  used  the  following  method  for  determining  quinic  and  shikimic  acids  in  plants. 

A  sample  of  fresh  plant  material  (from  5  to  50  g)  was  pulverized  and  extracted  twice  with  hot  alcohol 
with  heating  on  a  water  bath  for  2  hours.  The  alcohol  solution  was  evaporated  to  small  volume  in  vacuum  and 
poured  into  excess  distilled  water.  The  precipitate  was  collected  and  the  filtrate  evaporated  in  vacuum,  diluted 
to  a  definite  volume,  and  quantitatively  (from  5  to  25  p  liters)  applied  to  chromatography  paper  (paper  No.  2  of 
the  Volodarskii  Leningrad  Plant). 

The  solvent  was  isoamyl  alcohol-formic  acid-water  (100:23:  77).  The  developer  was  a  0.04%  solution 
of  Bromocresol  Green  In  96%  ethanol.  The  positions  of  the  quinic  and  shikimic  acids  on  the  undeveloped  chro¬ 
matograms  were  determined  by  comparison  with  developed  chromatograms.  The  appropriate  sections  of  the 
paper  were  cut  out  and  extracted  with  2  ml  of  distilled  water  for  12  hours.  After  the  aqueous  extract  had  been 
filtered,  the  quinic  and  shikimic  acids  were  determined  quantitatively  in  1  ml  of  It. 
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We  determined  shikimic  acid  by  the  method  developed  by  Yoshidaand  Hasegawa  [13].  These  authors  ob¬ 
served  that  the  product  of  periodate  oxidation  of  shlklmlc  acid  reacts  with  aniline  to  give  a  Schlff  base,  which 
may  be  determined  spectrophotometrlcally.  The  shlklmlc  acid  was  oxidized  quantitatively  with  periodate  to 
aconitlc  dlaldehyde  (2-pentene-l,  5 -dlaldehyde -3 -carboxylic  acid)  which  was  then  condensed  with  aniline  to 
form  a  bright-red  color.  The  excess  sodium  periodate  was  destroyed  by  the  addition  of  ethylene  glycol. 

Determination  of  Shlklmlc  Acid 

Periodate  solution.  Sodium  periodate  (160.5  mg)  was  dissolved  in  25  ml  of  freshly  prepared  acetate  buffer. 

Acetate  buffer.  Equal  volumes  of  1  N  acetic  acid  and  sodium  acetate  solutions  were  mixed  (pH  =4.7). 

Ethylene  glycol  solution.  Ethylene  glycol  (2  ml)  was  dissolved  in  100  ml  of  distilled  water. 

Aniline  solution.  Distilled  water  was  saturated  with  freshly  distilled  aniline  at  25“.  The  aqueous  layer 
was  used.  The  reagent  was  prepared  immediately  before  use. 

Analysis  procedure.  To  1  ml  of  neutral  aqueous  solution,  containing  40-200  yg  of  shikimic  acid,  was  ad¬ 
ded  1  ml  of  periodate  solution.  The  tube  with  the  mixture  was  placed  in  a  thermostat  at  30"  for  15  minutes, 

1  ml  of  ethylene  glycol  solution  added  and  the  mixture  left  under  the  same  conditions  for  a  further  5  minutes. 

To  die  tube  with  the  test  solution  was  then  added  1  ml  of  aniline  solution  and  the  mixture  left  at  room  tempera¬ 
ture  for  5  minutes.  Then  5  ml  of  absolute  alcohol  was  added  and  the  solution  shaken  to  give  a  clear  red  solution. 

The  pigment  formed  gave  a  sharply  expressed  maximum  in  the  ultraviolet  spectrum  at  510  m^.  The  pre¬ 
paration  of  shikimic  acid  we  isolated  was  used  to  construct  a  calibration  curve. 

The  reaction  was  specific  for  shikimic  acid.  Sugars, 
amino  acids,  and  other  organic  acids  did  not  react  under 
these  conditions.  The  periodate  reagent  and  a  3*^0  alcohol 
solution  of  aniline  may  be  used  as  a  developer  for  detection 
of  shikimic  acid  in  paper  chromatography.  A  red  spot  on 
a  light-yellow  background  is  obtained.  This  developer  is 
more  sensitive  than  Bromocresol  Green. 

We  found  that  quinic  acid  also  reacted  with  sodium 
periodate  and  its  oxidation  product  formed  a  red  color  with 
aniline.  The  ultraviolet  absorption  spectrum  of  the  colored 
compound  was  identical  with  that  for  shikimic  acid  (figure). 

However,  for  quinic  acid  this  reaction  proceeded  very 
slowly  under  the  conditions  described  for  shikimic  acid.  The 
reaction  proceeded  vigorously  for  quinic  acid  in  a  more  acid 
medium,  at  a  higher  temperature,  and  with  a  higher  ethylene 
glycol  concentration. 

Determination  of  Quinic  Acid 

Periodate  solution.  Sodium  periodate  (160.5  mg)  was 
dissolved  in  25  ml  of  1  N  acetic  acid  solution. 

Ethylene  glycol  solution.  Ethylene  glycol  (1  ml)  was  dissolved  in  25  ml  of  water. 

The  aniline  solution  was  prepared  in  the  same  way  as  for  the  determination  of  shikimic  acid. 

Analysis  procedure.  To  1  ml  of  an  aqueous  solution  of  quinic  acid  (40-200  fjg  of  acid)  was  added  1  ml  of 
periodate  solution.  The  tube  with  the  mixture  was  placed  in  a  boiling  water  bath  for  10  minutes.  It  was  then 
cooled  with  a  stream  of  water  for  1  minute.  To  the  test  mixture  was  added  1  ml  of  ethylene  glycol  solution  and 
the  tube  placed  in  a  thermostat  at  30*  for  5  minutes.  Then  1  ml  of  aniline  solution  was  added  and  the  mixture 
left  at  room  temperature  for  5  minutes.  Finally,  3  ml  of  absolute  alcohol  was  added, and  the  mixture  carefully 
shaken  and  placed  in  the  dark  for  15  minutes.  The  red  color  formed  was  measured  on  an  SF-4  spectrophotometer 
at  a  wavelength  of  510  m^. 


Ultraviolet  absorption  curves  of  the  colored 
product  isolated.  1)  For  shikimic  acid;  2) 
for  quinic  acid. 
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Oulnic  and  Shikimlc  Acid  Contents  of  Different  Tissues  of  Young  Shoots  of 
Pines  (In  milligrams  per  g  of  dry  weight) 


Collection 

date 

Shoot  size 
(in  cm) 

Sample 

Quinic 

acid 

Shikimic 

acid 

( 

Bark  and  needles 

71.2 

48.6 

June  15,  1958 

35-40 

Wood 

3.21 

6.18 

Pith 

18.7 

25.6 

Needles 

72.7 

28.6 

Bark 

34.6 

36.7 

June  29,  1958 

45-65 

Cambium  and  precambial 
layer  of  wood 

5.32 

5.08 

Wood 

0.52 

2.2 

Top  buds 

15.7 

12.7 

1 

Needles 

88.2 

37.5 

Bark 

45.6 

57.6 

40 — 60  1 

Cambium  and  precambial 

3.96 

3.45 

July  13,  1958 

layer  of  wood 

Wood 

0.7 

1.6 

Pith 

10.67 

22.5 

1 

Top  buds 

11.05 

20.8 

A  pure  preparation  of  quinic  acid  was  used  for  constructing  a  calibration  curve.  Under  the  conditions 
described,  the  reaction  was  specific  for  quinic  acid  and  under  these  conditions,  shikimic  acid  did  not  give  a 
typical  color.  Sugars  (glucose  and  xylose)  and  also  acids  (citric,  cinnamic,  p-hydroxybenzoic,  caffeic,  and 
chlorogenic  acids)  were  tested  under  the  conditions  chosen  for  the  determination  of  quinic  acid.  The  reaction 
was  negative  for  these  substances.  The  methods  applied  to  the  determination  of  quinic  and  shikimic  acids  made 
it  possible  for  us  to  follow  the  change  in  their  content  during  the  ontogenesis  and  phylogenesis  of  plants. 

The  results  of  these  investigations  have  been  partly  published  [11]. 

We  present  data  we  obtained  on  the  quinic  and  shikimic  acid  contents  of  young  shoots  of  pines  during  their 
development  (table). 

The  figures  presented  in  the  table  show  that  the  greatest  amount  of  quinic  and  shikimic  acids  are  contained 
in  the  photosynthesizing  tissues  of  the  needles  and  green  bark  of  young  shoots.  Shikimic  acid  predominates  slightly 
in  the  bark,  while  quinic  acid  predominates  strongly  in  the  needles  of  the  same  shoots.  There  is  a  low  content  of 
the  acids  in  the  precambial  zone  and  the  wood  and  the  amount  of  them  falls  with  lignification.  The  pith,  which 
consists  of  living  cells  in  young  shoots,  contains  quite  a  large  amount  of  the  acids,  which  decreases  with  lignifica¬ 
tion. 


SUMMARY 

1.  Methods  are  described  for  isolating  pure  preparations  of  quinic  and  shikimic  acids  from  ginkgo  leaves 
(Ginkgo  biloba)  and  pine  needles  and  green  cones  (Pinus  silvestrls  L.). 

2.  The  method  of  Yoshida  and  Hasegawa  was  used  to  determine  shikimic  acid  in  the  tissues  of  young  pine 
shoots  at  various  stages  of  lignification. 

3.  A  method  was  developed  for  determining  quinic  acid  on  the  basis  of  the  reaction  with  sodium  periodate 
and  the  formation  of  a  colored  compound  by  condensation  of  the  oxidation  product  of  quinic  acid  with  aniline. 

4.  Data  are  given  on  the  quinic  and  shikimic  acid  contents  of  young  lignifying  pine  shoots. 
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RAPID  DETERMINATION  OF  ISOBUTYLENE 
IN  PETROLEUM  PROCESSING  GASES 

N.  E.  Vishnevski!  and  B.  V.  Stolyarov 

All-Union  Scientific  Research  Institute  of  Petrochemical  Processes,  "VNIINEFTEKhlM" 


In  connection  with  the  growth  In  the  production  of  synthetic  butyl  rubber  from  Isobutylene,  the  separation 
of  mixtures  of  C4  unsaturateds  and  the  determination  of  the  separate  Isomers  is  of  very  great  importance. 

Chromatographic  analysis  methods  developed  in  recent  years  do  not  give  sufficient  resolution  as  yet  and 
require  further  development. 

Wide  use  Is  made  in  analysis  of  the  sulfuric  acid  method  of  analyzing  hydrocarbon  gases,  proposed  In  1925 
by  Dobryanskil  [1].  The  theory  and  method  of  sulfuric  acid  analysis,  into  which  different  investigators  have 
introduced  various  changes,  have  been  given  in  many  papers  [2-14]. 

However,  the  sulfuric  acid  method  In  the  form  used  now  in  the  gas  analysis  laboratories  of  many  research 
institutions  cannot  be  used  for  the  assay  and  control  of  gas  under  industrial  conditions.  Its  main  drawback  is  that 
during  the  great  length  of  the  analysis  (one  and  a  half  hours)  the  analyst  must  all  the  time  transfer  the  gas  manual¬ 
ly  from  the  gas  burette  to  the  absorption  vessel  and  back. 

Below  we  present  a  rapid  method  of  determining  Isobutylene  by  the  sulfuric  acid  method. 

In  view  of  the  need  for  reducing  the  laboriousness  of  the  sulfuric  acid  method,  we  considered  it  advantageous 
to  mount  the  gas  burette  and  the  absorber  vessels  on  a  mechanical  rocker—the  "apparatus  for  shaking  tubes  and 
flasks*  put  out  experimentally  by  the  construction  workshops  of  the  Academician  Bogomol’ts  Physiology  Institute 
of  the  Academy  of  Sciences  of  the  Ukrainian  SSR.  This  apparatus  made  it  possible  to  change  the  number  of  oscil¬ 
lations  smoothly  from  115  to  140  per  minute.  However,  In  the  present  investigation  we  used  a  step-wise  change 
of  the  number  of  oscillations  by  means  of  an  external  drive,  which  made  it  possible  to  regulate  the  shaking  con¬ 
ditions  over  the  range  of  90-240  oscillations  per  minute. 

This  obviously  freed  the  hands  of  the  operator  from  tiresome  operations  and  accelerated  the  analysis  Itself. 

Under  the  conditions  of  the  sulfuric  acid  analysis  method,  the  reaction  of  unsaturated  hydrocarbons  obeys 
the  equation  for  a  reaction  of  the  first  order; 


a 


a  —  X 


Equilibrium  of  the  reaction  between  gas  and  acid  Is  reached  more  rapidly  with  vigorous  shaking.  As  is 
known,  heterogeneous  reactions  proceed  only  at  the  boundary  surface  of  the  phases.  In  our  case  the  absorption 
of  gas  evidently  occurs  only  in  thin  films  of  acid  [4,  15].  In  general,  the  acceleration  of  the  interaction  of 
gases  with  liquids  is  primarily  based  on  the  creation  of  hydrodynamic  conditions  guaranteeing  a  sufficient  in¬ 
crease  in  the  interphase  surface,  a  decrease  in  diffusion  resistances,  and  renewal  of  contact  of  the  phases. 

In  our  experiments  the  apparatus  gave  up  to  240  oscillations  per  minute.  In  this  case  there  was  very 
vigorous  mixing  of  the  gas  and  acid.  A  voluminous  foam  was  observed.  The  angle  of  inclination  of  the  absorber 
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Fig.  1.  Apparatus  for  parallel  analysis  of  hydrocarbon  gases 
for  isobutylene. 

vessel  with  the  sulfuric  acid  to  the  horizontal,  equal  to  .>.30*,  was  chosen  because  maxltnum  mixing  was  observed 
in  this  position.  There  was  a  very  large  interphase  surface  in  the  moving  foam  with  rapid  renewal  of  it  and  parti¬ 
cularly  vigorous  mixing  of  the  gas  phase,  which  had  a  lower  Inertia  and  viscosity  than  the  liquid. 

It  is  noteworthy  that  the  originator  of  the  sulfuric  acid  analysis  method  himself  did  not  deny  the  possibility 
of  accelerating  the  analysis  by  shaking  [1].  On  the  contrary,  only  the  lack  at  that  time  of  mechanical  equipment 
capable  of  providing  vigorous  and  uniform  shaking  for  a  long  period,  compelled  A.  F.  Dobryanskii  to  use  a  man¬ 
ually  operated  apparatus  for  sulfuric  acid  analysis. 

Construction  of  apparatus  and  operating  procedure.  The  construction  of  the  apparatus  we  developed  for 
sulfuric  acid  analysis  for  isobutylene  in  petroleum  processing  gases  is  shown  in  Fig.  1.  The  gas  burette  of  an 
Orsat  apparatus  and  four  absorption  vessels,  connected  by  a  narrow-bore  gas  distributor  were  attached  to  a  plywood 
panel,  set  in  wooden  stands  that  were  firmly  bolted  to  the  upper  plate  of  the  "rocker*. 

The  absorption  vessels  were  connected  to  normal  measuring  burettes,  filled  with  sulfuric  acid,  by  means  of 
polyethylene  capillary  tubes.  The  use  of  four  vessels  made  it  possible  to  analyze  several  gas  samples  in  parallel. 
In  addition,  the  apparatus  could  be  used  for  analyzing  gases  for  substances  other  than  isobutylene. 

Apart  from  the  purely  applied  purposes  of  gas  analysis,  the  apparatus  made  it  possible  to  carry  out  kinetic 
investigations  of  the  absorption  of  gases  by  liquids  under  different  shaking  conditions,  which  is  of  definite  interest. 

In  gas  absorption  experiments  we  used  53  and  35%  sulfuric  acid.  Many  papers  have  been  devoted  to  the 
choice  of  the  sulfuric  acid  concentration  for  the  analysis  [3,  5,  7]. 

Since  the  volume  of  the  reaction  vessel  was  200  ml*  and  100  ml  of  gas  was  taken  for  analysis,  the  acid 
reacted  with  gas  in  a  volume  ratio  of  1  ;  1  and  a  molar  ratio  of  0.7 : 0.004,  i.e.,  175  times  the  theoretical  amount 
of  acid  was  used.  As  experiments  showed,  this  excess  made  it  possible  to  use  the  same  acid  for  8  analyses,  not 
counting  the  first  two  experiments. 


•  Diameter  of  reaction  vessel  50  mm  and  length  100  mm. 


TABLE  1 

Analysis  of  Hydrocarbon  Gases  for  Isobutylene 


i  -C4H8  content  of  gas  (in  %) 

Determination 

9!> 

94 

1 

" 

!7 

conditions 

samples 

B 

B 

3 

1 

fl 

fl 

2 

1 

2 

Determination  time 

(in  min) 

Operating  conditions 

IH 

18 

18 

20 

75 

22 

20 

24 

32 

of  appa'ratus  (osc/ min) 
Analysis  result 

24(( 

240 

240 

170 

90 

240 

240 

170 

130 

(vol.  ®/o) 

Control  result  of  gas 

9.5.5 

9.5.3 

94.7 

94.4 

94.0 

73.H 

73.7 

20.0 

20.0 

laboratory  (vol. 

9o.O 

93 

1.5 

72 

27.0 

DISCUSSION  OF  RESULTS 

We  analyzed  a  number  of  gas  samples  containing  various  amounts  of  isobutylene,  n-butylenes,  butane, 
and  small  amounts  of  C3  compounds.  In  most  cases  the  analysis  results  for  separate  portions  of  gas  samples  agreed 
among  themselves  and  with  the  data  of  the  gas  analysis  laboratory  with  an  accuracy  of  up  to  1%.  The  analyses 
of  several  gases  are  given  below  (Table  1). 

So  that  experiments  on  gas  absorption  by  sulfuric  acid  were  carried  out  under  conditions  that  excluded 
physical  solution,  the  acid  was  first  saturated  with  gas,  i.e. ,  the  first  two  analyses  with  fresh  acid  were  ignored 
[13]. 

As  the  data  presented  show,  the  possibility  of  changing  the  number  of  oscillations  of  the  apparatus  meant 
that  the  analysis  time  could  be  shortened  from  75  minutes  with  90  osc/min  to  25  minutes  with  200-240  osc/min. 

Kinetics  of  Interaction  of  Hydrocarbon  Gases  with  Sulfuric  Acid 

Figure  2  shows  kinetic  curves  of  the  analysis  of  different  gases  with  the  apparatus  operating  under  different 
conditions.  The  curves  agree  well  with  similar  data  presented  by  other  investigators  [3.  16]. 

It  can  be  seen  that  the  rate  of  the  process  decreases  with  time, and  for  the  final  sections,  the  kinetics  of  the 
process  do  not  obey  the  equation  for  monomolecular  reactions.  The  rate  constant  of  the  process,  calculated  by  the 
equation  for  monomolecular  reactions,  decreases  with  time.  Markovich  and  Moor  [3]  explained  the  inconstancy 
of  the  rate  by  the  considerable  changes  in  the  amount  of  gas  over  the  time  intervals  recorded. 

The  data  presented  confirm  (Table  2,  Fig.  3)  that, like  a  pseudomonomolecular  reaction,  the  reaction  of 
olefins  with  sulfuric  acid  under  the  conditions  of  sulfuric  acid  analysis  is  described  by  the  equation  for  a  first- 
order  reaction. 

Since  this  reaction  is  homogeneous  and  proceeds  quite  slowly  under  normal  conditions  of  poor  mixing,  it 
seemed  desirable  to  transfer  it  from  the  diffusion  to  the  kinetic  region. 

To  carry  out  the  reaction  under  conditions  excluding  diffusion  hindrances,  we  performed  a  series  of  experi¬ 
ments  on  the  absorption  of  unsaturated  hydrocarbons  by  sulfuric  acid  in  the  apparatus  described  here  (Fig.l)  at 
high  shaking  speeds  (Tables  1  and  2). 

The  graph  of  the  relation  between  the  reaction  rate  constant  and  the  shaking  speed,  constructed  from  these 
data,  (Fig.  4)  shows  a  sharp  demarcation  between  the  diffusion  and  kinetic  regions  for  this  reaction  in  the  apparatus 
described. 
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TABLE  2 

Calculation  of  Rate  Constants  of  the  Reaction  of  Hydrocarbon  Gases,  Containing  Various  Amounts  of  Isobutylene, 
with  53^70  Sulfuric  Acid* 


I-C4H8  content  of  gas 
(In  %) 

95.5 

94 

-.4 

93. 

1 

30. 

0 

Operating  conditions 
of  apparatus  (osc/min) 

240 

170 

130 

90 

240 

170 

130 

Average  rate 
constants  K 

0.361 

0.295 

0.080 

■ 

•The  calculation  was  made  by  means  of  the  equation  for  a  pseudomonomolecular  reaction:  K  =  -p-  Ig 
where  x  is  the  amount  of  gas  that  has  reacted,  a  the  initial  amount  of  gas,  K  the  rate  constant,  and^  the  time. 

In  each  experiment,  100  ml  of  gas  and  100  ml  of  acid  were  present  in  the  vessel  at  the  initial  moment. 

We  explain  the  observed  transition  of  the  reaction  from  the  diffusion  to  the  kinetic  region  by  the  considerable 
increase  in  the  contact  surface  of  the  phases  (gas -liquid)  as  the  shaking  speed  of  the  apparatus  increased.  Since, 
according  to  Newton’s  first  law,  liquid  and  gas  masses  have  inertia,  by  increasing  the  shaking  speed,  we  increased 
the  action  of  the  absorber  vessels  on  the  contents,  destroying  their  rest  masses  by  moving  them  relatively  to  each 
other. 


We  should  note  that  It  is  not  in  every  case  or  in  all  systems  of  a  similar  nature  that  an  increase  in  the  rota¬ 
tion  rate  of  the  reaction  vessels  or  the  rotation  rate  of  a  stirrer  leads  to  an  actual  increase  in  mixing,  i.e.,  to  an 
increase  in  the  contact  surface  of  the  phases  [17]. 

Thus,  Davis  and  Shuler  [4],  in  an  experiment  similar  to  ours  on  the  absorption  of  olefins  by  sulfuric  acid 
in  rotating  cylindrical  reaction  vessels,  did  not  observe  an  increase  in  absorption  when  the  rotation  rate  of  their 
cylinders  was  increased. 

This  may  be  explained  by  the  fact  that  in  their  experiments  a  change  in  the  rotation  rate  of  the  reaction 
vessel  did  not  lead  to  an  increase  in  the  boundary  surface  of  the  phases  and  did  not  eliminate  diffusion  hindrances 
as  with  an  increase  in  the  rotation  rate,  the  centrifugal  force  pressed  the  sulfuric  acid  against  the  walls  of  the 
rotating  cylinder  in  a  compact  layer.  In  addition,  Bekker  [18]  and  Davis  and  Crandall  [19]  reported  a  considerable 
increase  in  the  absorption  rate  with  mixing  (shaking)  of  the  system. 

It  should  be  noted  that  in  experiments  on  the  absorption  of  ethylene  by  sulfuric  acid,  a  number  of  investi¬ 
gators  [20-22]  observed  some  deviations  in  the  behavior  of  this  gas  in  comparison  with  its  homologs, propylene 
and  butylene. 

Ethylene  is  only  absorbed  by  sulfuric  acid  with  a  concentration  of  more  than  SOo/o.  An  absorption  maximum 
is  observed  and  then  the  absorption  rate  no  longer  depends  on  the  shaking  speed.  All  this  is  apparently  explained 
by  the  catalytic  effect  of  intermediate  products  formed  during  the  reaction. 

No  acceleration  of  the  reaction  of  propylene  and  butylenes  with  sulphuric  acid  by  catalysts  has  been  reported 
In  the  literature.  This  difference  between  ethylene  and  its  homologs  should  be  considered  in  kinetic  investigations 
of  the  absorption  of  olefins  by  sulfuric  acid. 

All  that  has  been  said  above  leads  directly  to  the  practical  result  that  reactions  at  high  rates  require  an 
apparatus  providing  vigorous  mixing  of  the  system.  It  is  precisely  this  factor,  which  has  usually  received  insuf¬ 
ficient  attention,  that  can  lead  to  reactions  in  the  true  kinetic  region  and  effect  a  great  saving  of  time. 

In  addition,  the  data  given  in  Table  2  show  that  the  rate  of  gas  absorption  depends  little  on  the  gas  composi¬ 
tion  with  poor  mixing  of  the  system  but  is  proportional  to  the  partial  pressure  of  the  gas  under  conditions  of  high 
turbulence.  This  is  in  agreement  with  the  theoretical  conclusions  of  Kishinevskii  [23]  and  Pozin  [24]. 
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A 


Fig.  2.  Absorption  of  hydrocarbon  gases  by 
FiSofo  H2SO4  at  various  shaking  speeds.  A)  Sul¬ 
furic  acid  level  (in  ml);  B)  time  (in  min), 
i  -C4H8  content  (in  %)  and  shaking  speed 
(osc/min),  respectively:  1)  95  and  240,  2) 

93.5  and  170,  3)  93.5  and  130,  4)  96  and 
90,  .5)  26  and  240,  6)  26  and  170,  7)  26  and  130. 

A 


With  a  shaking  rate  of  240  osc/  min  (high  turbulence), 
a  change  in  the  gas  composition  from  95<7o  to  OOcye  isobutyl¬ 
ene  led  to  a  fall  in  the  rate  of  its  absorption  by  sulfuric 
acid  of  one  order,  i.e.,  by  a  factor  of  approximately  10, 
while  under  conditions  with  less  turbulence  (130  osc/min), 
the  rates  of  absorption  of  these  gases  differed  by  a  factor 
of  only  2.5. 

In  the  opinion  of  Kishinevskii,  the  concentration  of 
the  chemically  active  component  of  the  absorbent  (in  our 
case  acid),  which,  to  a  considerable  extent,  determines 
the  rate  and  selectivity  of  the  reactions  under  poor  mixing 
conditions,  has  little  effect  on  the  rate  of  the  process  under 
conditions  of  high  turbulence.  There  is  an  essential  dif¬ 
ference  between  the  kinetics  of  absorption  processes  in 
systems  with  high  and  low  turbulence. 

Experiments  on  the  absorption  of  gas  by  dilute 
(35<yo)  sulfuric  acid  at  high  shaking  rates  (170-240  osc/ min) 
completely  confirmed  this  hypothesis  (Table  3). 

As  the  table  shows,  the  rate  constants  of  gas  absorp¬ 
tion  by  dilute  (35%)  and  more  concentrated  (53%)  acid  are 
similar  in  value. 


Fig.  3.  Time  dependence  of  the  logarithm  of 
a 


the  concentration  Ig 


a-x 


for  the  reaction 


of  hydrocarbon  gases  with  53%  H2SO4. 

A)  Value  of  Ig  •  lO^j  B)  time  (In  min). 
i-C4Hg  content  (in  %)  and  shaking  speed 
(osc/min),  respectively:  1)  95.3  and  240,  2) 

94.4  and  170,  3)  94.4  and  130,  4)  93,1  and 
90.  .5)  28  and  240,  6)  28  and  170,  7)  28  and  130. 

ary  medium.  From  these  arguments  It  follows  that 
does  not  affect  the  selectivity  of  the  reaction. 


Selectivity  of  the  Reaction  of  Hydrocarbon 
Gases  with  Sulfuric  Acid 

As  noted  above,  the  selectivity  of  the  reaction  of 
sulfuric  acid  and  hydrocarbon  gases  should  be  determined 
only  by  the  acid  concentration  and  the  chemical  structure 
of  the  gases  and  be  independent  of  the  degree  of  mixing 
of  the  system. 

The  fact  is  that  even  with  extremely  vigorous  mix¬ 
ing  under  so-called  "foam  conditions"  the  chemical  reac¬ 
tion  between  the  gas  absorbed  and  the  liquid  proceeds  on 
the  surface  of  microbubbles  of  gas.  surrounded  by  thin 
films  of  liquid.  These  microbubbles  have  a  high  stability: 
as  [251  ”  •  .  .at  the  gas -concentrated  solution  boundary 
there  is  orientation  of  complexes  of  solute  and  solvent 
molecules  to  form  a  quasicrystalline  layer".  Therefore, 

In  this  case  each  bubble  is  a  separate  reactor  and  the  reac¬ 
tion  proceeds  as  if  under  conditions  without  stirring,  i.e., 
proceeds  by  normal  molecular  diffusion.  In  actual  fact, 
the  work  of  Frank -Kamenetskii  [26]showed  that  the  relative 
rate  of  motion  of  a  gas  or  a  liquid  relative  to  the  surface 
of  a  particle  in  the  case  of  small  particles  and  under  highly 
turbulent  conditions  equals  zero.  The  motion  of  the  parti¬ 
cles  completely  follows  the  turbulent  pulsations.  The  dif¬ 
fusion  process  completely  obeys  diffusion  laws  for  a  station - 
mixing  the  system  only  accelerates  the  process  as  a  whole  and 


To  study  the  selectivity  of  gas  absorption  by  35  and  53%  sulfuric  acid  we  carried  out  experiments  with  a 
gas  which  did  not  contain  Isobutylene.  This  gas  was  obtained  by  dehydration  of  pure  n -butyl  alcohol  over  an 
aluminum  oxide  catalyst  at  375-390*  and  then  the  isobutylene  was  extracted  from  It  with  sulfuric  acid.  Experiments 
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TABLE  3 

Comparison  of  the  Absorption  of  Isobutylene 
(96-98%  pure)  by  35  and  53%  Sulfuric  Acid 


Fig.  4.  Demarcation  of  diffusion  and  kinetic 
regions  of  the  reaction  of  isobutylene  with  53% 

H2SO4.  A)  Rate  constant  of  reaction  K  •  10*; 

B)  shaking  conditions  ( osc/  min). 

with  62  and  93%  butylene  (the  pure  gas  was  diluted  with 
air)  showed  that  under  various  shaking  conditions  (145- 
250  osc/ min),  35%  sulfuric  acid  did  not  absorb  the  butyl¬ 
enes  at  all,  while  53%  acid  absorbed  them  at  a  constant 
rate  (0.1  ml/min).  We  used  this  value  of  the  rate  of  ab¬ 
sorption  of  butylenes  to  introduce  a  correction  in  the  anal¬ 
ysis  of  gases  with  53%  sulfuric  acid  under  the  conditions  of 
our  system. 

The  experimental  data  obtained  make  it  possible  for  us  to  recommend  35%  sulfuric  acid  for  analyzing 
hydrocarbon  gases  for  isobutylene  in  the  apparatus  described. 


Intervals 
between 
determina¬ 
tions  (in 
min) 

ilate  constants  K  *  at  the  given 
H2SO4  concentration 

53»/,  1 

ss"/,  1 

SbVo 

mixing  rate  (osc/ min) 

240 

170 

240 

2 

0.37 

0.28 

0.22 

4 

0.45 

0.36 

0.31 

6 

0.38 

0.32 

0.37 

8 

0.32 

0.27 

0..36 

10 

0.26 

0.23 

0.33 

12 

0.20 

♦See  footnote  to  Table  2. 


SUMMARY 

1.  The  rapid  method  of  analyzing  petroleum  processing  gases  for  isobutylene  (with  an  accuracy  of  ±  1%) 
on  a  specially  designed  apparatus  shortened  the  analysis  time  in  comparison  with  existing  procedures,  calculated 
for  one  absorber  vessel,  by  a  factor  of  approximately  20. 

2.  Kinetic  and  diffusion  regions  of  the  reaction  were  demonstrated  by  changing  the  mixing. 

3.  It  was  established  that  there  is  a  change  in  the  selectivity  of  isobutylene  absorption  by  acid  of  different 
concentrations  under  vigorous  mixing. 

4.  The  use  of  35%  sulfuric  acid  Is  recommended  for  analytical  purposes  instead  of  53%  acid,  used  in  the 
manually  operated  apparatus  for  the  sulfuric  acid  method. 
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REFRACTIVE  DISPERSIONS  OF  DEAROMATIZED  PETROLEUM  FRACTIONS 

B.  V.  Ioffe  and  O.  E.  Batalin 

Leningrad  State  University  and  All-Union  Scientific  Research  Institute  for  Geological  Survey 


Over  the  past  15-20  years  there  has  been  considerable  expansion  of  methods  of  analysis  of  complex  hydro 
carbon  mixtures  by  measurement  of  the  refractive  dispersion  [1-8].  In  the  application  of  dispersion  to  analysis, 
use  was  originally  made  only  of  the  specific  dispersion, 5;^ merely  the  difference  in  the  specific 
refractions  calculated  by  the  Gladstone -Dale  formula  for  two  wave  lengths  of  light  Xi  and 


‘X.  -  ”x. 


1(H. 


(1) 


However,  it  was  later  shown  [9]  that  for  the  determination  of  aromatic  hydrocarbons  it  is  more  expedient 
to  use  the  relative  dispersion: 


•  1()3 


(2) 


or 


lo;', 


(2a) 


where,  np  and  n^  are  the  refractive  indices  for  the  blue  and  red  hydrogen  lines. 

In  addition  to  the  more  commonly  used  functions  (1)  and  (2),  expressions  for  specific  and  relative  dispersion 

n2_  1  1 

derived  from  the  well-known  refraction  formula  of  Lorenz  and  Lorentz  r=  ^  2  '  If  ’ 
proposed; 


and 


nr-1 


"c  — *  \  i03 

-f  2  /  ”/)  f 


(3) 


(4) 


The  Lorenz -Lorentz  specific  dispersion  (3)  has  been  recommended  in  lieu  ofthe  Gladstone- Dale  specific 
dispersion  (1),  and  has  been  used  in  the  work  of  the  Institute  of  Petroleum, USSR  [12],  although  proof  that  such  a 
change  in  the  formulas  used  for  calculating  the  specific  dispersion  ts  expedient  has  not  been  published. 
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TABLE  1 


Petroleum  Samples  Investigated* 


Sample  No. 

Formation 

Well  No. 

Ratio  of  naphthene 
to  paraffin  hydro¬ 
carbon  content*  • 

Age  of  reservoir 
rocks 

Oil-  and  gas  prod¬ 
ucing  region 

1 

Klyuchevskaya  ploshchad 

P-1 

0.19ft 

Mesozoic 

Chelyabinsk  brown- 

coal  basin 

2 

Oslnsk 

1-P 

0.212 

Lower  Cambrian 

Irkutsk  amphitheater 

3 

Dunlyan 

14 

0.216 

Tertiary 

China 

4 

Romashkin 

6 

0.362 

Devonian  j 

5 

Mukhanovo 

74 

0.374 

Permian  > 

Volga -Ural 

6 

Upper  Chysovskii  rocks 

1-B 

0.387 

Carboniferous  ) 

7 

Oisungur 

40 

0.442 

Miocene 

Tersko-Dagestan 

8 

Angot 

2 

0.452  ) 

Afghanistan 

9 

Ozek -Suat 

69 

0.464  / 

Tersko-Dagestan 

Arlan 

38 

0.492*  *  * 

Carboniferous 

Volga-Ural 

11 

October 

87-17 

0.507 

Miocene 

Tersko-Dagestan 

12 

Syzran* 

111 

0.ft28[lft] 

Carboniferous  ) 

13 

Mikhailov 

29 

0.554 

Devonian  j 

14 

Voi-Vozh 

21 

- 

Devonian 

Timan-Pechora 

1ft 

October 

78-13 

0.659  ) 

16 

Gora  -Gorskaya 

214 

0.736  / 

Miocene 

Tersko-Dagestan 

17 

Bitkov 

81 

0.725[16] 

Paleocene 

Eastern  Carpathians 

18 

Palvantash 

ft9 

0.820[17] 

Tertiary 

Fergana 

19 

ChueTskoe 

7-P 

0.842 

Cretaceous 

Western  Siberia 

20 

Glubokii  Yar  il. 

Kipyachaya 

ft66 

0.888 

Paleocene 

Kuban -Black  Sea 

21 

Malgobek 

68-2 

0  947 

Miocene 

Tersko-Dagestan 

22 

Duzlak 

32 

0.998 

Cretaceous 

Tersko-Dagestan 

23 

Nebitdag 

2ft8 

1.057C17] 

T  ertiary 

Balkan  region 

24 

Nazinskaya 

- 

1.09 

Jurassic 

Western  Siberia 

2ft 

Gora -Gorskaya 

244 

1.29 

Miocene 

Tersko-Dagestan 

26 

Surakhan 

1122 

1.43[18] 

Pliocene 

Azerbaidzhan 

27 

Kaspiisk 

- 

28 

Makhach-Kala 

- 

/ 

Miocene 

Tersko-Dagestan 

29 

Kayakent 

- 

1 

30 

Sagiz 

101 

1.44 

Lower  Cretaceous 

Ural-Emba 

31 

Sandy  Umet 

- 

1.68 

Carboniferous 

Volga-Ural 

32 

Old  Grozny 

11-977 

1.79  ) 

33 

Old  Grozny 

19-414 

Miocene 

Tersko-Dagestan 

34 

Sagiz 

69 

1.99 

Jurassic 

Ural-Emba 

3ft 

Surakhan 

293 

2.07[18]  ) 

Pliocene 

Azerbaidzhan 

36 

Atashke 

— 

/ 

37 

Koschagyl 

234 

2.16  ^ 

Jurassic 

Ural-Emba 

38 

Dossor 

2.26C19]  / 

39 

Pil'tun 

6 

2.43  \ 

Sakhalin 

40 

Chakhnaglyar 

2.43 

2.92[18]  J 

Miocene 

Azerbaidzhan 

41 

Malgobek 

237-4 

3.48  ) 

Tersko-Dagestan 

42 

Bogachevka 

P-2 

5.14 

Tertiary 

Kamchatka 

43 

Erri 

— 

> 

Miocene 

Sakhalin 

44 

Sabo 

•  See  overleaf  for  notes. 
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TABLE  1  (Continued) 


Sample  No 

Formation 

Well  No. 

Ratio  of  naphthene 
to  paraffin  hydro¬ 
carbon  content  •  • 

Age  of  reservoir 
rocks 

Oil-  and  gas -prod¬ 
ucing  region 

45 

Sumatra 

— 

— 

Neocene 

Indonesia 

46 

Kulsarl 

11 

7.61 

Jurassic 

Ural -Em ba 

47 

Chongalek 

- 

189[20] 

Miocene 

Kuban -Black  Sea 

•Arranged  in  the  order  of  increasing  ratio  of  naphthene  to  paraffin  hydrocarbon  content. 

•  •In  the  gasoline-kerosene  fractions  boiling  to  300*. 

•  •  •In  the  2fi0*  e.p.  gasoline  fraction. 

The  function  cuR  (4)  has  been  proposed  for  elimination  of  the  slight  corrections  for  the  deviation  of  refrac¬ 
tive  dispersion  from  additivity  which  occurs  with  some  mixtures  of  aromatic  hydrocarbons  [13];  however,  this 
function  nevertheless  exhibits  significant  deviations  from  additivity  [14]. 

The  major  requirement  to  be  satisfied  by  an  expression  for  the  refractive  dispersion,  when  the  dispersion 
is  to  be  used  for  the  determination  of  aromatic  hydrocarbons,  is  the  highest  possible  degree  of  constancy  of  the 
values  of  the  dispersion  of  paraffinic  and  naphthenic  hydrocarbons  with  respect  to  the  difference  in  the  dispersion 
of  aromatic  and  saturated  ^ hydrocarbons.  In  order  further  to  develop  analytical  methods  based  on  dispersion 
measurements  and  to  increase  their  accuracy,  it  is  necessary  to  select  a  dispersion  function  which  best  satisfies 
the  indicated  requirement. 

To  the  present  time,  comparison  of  the  various  dispersion  formulas  from  the  point  of  view  of  the  constancy 
of  the  dispersion  values  they  yield  has  been  made  only  on  the  basis  of  data  on  individual  paraffins  and  naphthenes. 
These  comparisons  [1,  13]  led  to  the  conclusion  that  relative  dispersion  values  calculated  by  means  of  Eq.  (2)are 
the  most  nearly  constant. 

However,  the  degree  of  accuracy  with  which  the  average  dispersion  values  established  for  individual  hydro¬ 
carbons  correspond  to  the  values  obtained  with  dearoma tized  petroleum  fractions  is  still  obscure,  nor  is  it  clear 
within  what  limits  these  values  can  vary.  In  order  to  increase  the  accuracy  of  dispersion  methods  of  petroleum 
analysis,  it  appeared  to  be  of  considerable  interest  to  compare  directly  the  various  refractive  dispersion  functions 
as  applied  to  dearomatized  petroleum  fractions,  to  determine  the  corresponding  average  values,  and  to  determine 
the  deviations  from  them. 

A  definitive  approach  to  these  questions  requires  the  investigation  of  petroleums  which  differ  to  the  max¬ 
imum  extent  with  respect  both  to  group  composition  and  to  individual  hydrocarbon  composition. 

Characteristics  of  the  Petroleums  Investigated 

The  samples  selected  for  this  investigation,  which  are  listed  In  Table  1,  represent  petroleums  from  all  of 
the  major  petroleum -and  gas -producing  regions  of  the  USSR.  Three  samples  of  foreign  petroleum  (China, 
Afghanistan,  and  Indonesia  petroleums)  were  also  investigated. 

Of  the  47  petroleums  investigated,  15  were  from  platform  type  formations  (Nos.  2-5,  10,  12,  13,  24,  30,  31 
34,  37,  38,  and  46),  and  of  these.  Nos.  30,  34,  37,  38,  and  46  were  from  salt  dome  regions;  the  remaining  32 
samples  were  from  regions  in  which  there  is  foothill  folding,  intermountain  basins,  and  folded  zones.  The  paleo- 
geographical  environment  during  the  formation  of  the  petroleum -bearing  deposits  were  ocean,  lagoon,  and  con¬ 
tinental  phases,  during  which  terrigenous  and  carbonaceous  deposits  were  laid  down.  The  petroleums  investigated 
were  laid  down.  The  petroleums  investigated  were  contained  in  rocks  of  Paleozoic.  Mesozoic,  and  Cenozoic 
ages,  and  in  two  cases  (Samples  Nos.  13  and  19),  the  oil  was  directly  in  the  crystalline  bed  rock. 

The  extreme  variation  of  these  petroleums  with  respect  to  geographic  location,  tectonic  background,  and 
age  of  the  reservoir-collecting -rocks  ensured  maximum  differences  with  respect  to  the  materials  from  which 
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the  petroleum  was  formed,  with  respect  to  factors  Involved  in  the  formation  of  the  petroleum,  and,  consequently, 
with  respect  to  chemical  composition. 

The  group  compositions  of  the  gasoline -kerosene  fractions  with  300*  end  points  are  shown  in  Fig.  1,  and 
were  calculated  mainly  from  data  obtained  by  co-workers  In  the  petroleum  laboratory  of  the  VNIGRI  [All-Union 
Petroleum  Scientific  Research  Institute  for  Geological  Survey]:  A.  I.  Bogomolov,  G.  M.  Vasil’eva,  F.  B.  Indenbom, 
A.  K.  Kotina,  N.  V.  Strigaleva,  and  V.  K.  Shimanskii.  The  authors  take  this  opportunity  to  express  their  apprecia¬ 
tion  to  these  comrades  for  the  gift  of  the  petroleum  samples  used  in  our  work.  In  the  case  of  nine  of  the  samples, 
we  were  limited  to  literature  data  on  the  group  composition  [15-20],  which  gave  an  orientational  idea  of  the  type 
of  petroleum  sufficient  for  our  purposes. 

Data  on  the  group  compositions  were  obtained  by  the  maximum -aniline- point  method  using  GrozNII 
[Grozny  Petroleum  Scientific  Research  Institute]  coefficients.  It  may  be  seen  In  Fig.  1  that  we  included  all  of 
the  known  petroleum  types  from  paraffin  base  to  naphthene-aromatic  base. 

EXPERIMENTA  L 

The  majority  of  the  fractions  investigated  were  obtained  by  the  following  method:  A  broad  fraction 
with  an  end  point  of  310-320*  was  distilled  from  the  petroleum  sample;  this  was  twice*  treated  with  a  three¬ 
fold  volume  of  99<7o  sulfuric  acid  for  a  period  of  half  an  hour,  and  it  was  then  washed  and  dried  as  usual.  The 
resulting  wide-boiling,  dearomatized  fractions  were  distilled  into  standard  25-50*  fractions  using  a  flask  fitted 
with  a  40-centimeter  Vigreux  column.  Some  of  the  petroleums  (in  the  initial  stages  of  the  work)  were  distilled 
into  standard  fractions  prior  to  the  sulfuric  acid  treatment. 

Since  the  distillation  was  carried  out  at  atmospheric  pressure,  certain  fractions  boiling  in  the  range  of 
250-300*  were  slightly  yellowish.  Such  fractions  were  treated  by  agitation  with  silica  gel  (approximately  one 
tenth  of  the  weight  of  the  fraction)  until  the  color  disappeared. 

Completeness  of  the  removal  of  aromatic  hydrocarbons  was  checked  by  the  formalite  reaction,  both  in  the 
broad  gasoline -kerosene  fraction  as  a  whole  and  In  the  standard  25-50*  fractions.  For  the  dispersion  measurements, 
fractions  were  used  which  did  not  give  even  a  weak-yellow  color  when  allowed  to  stand  for  a  period  of  half  an 
hour. 


The  optical  density  was  also  determined  for  selected  samples;  the  determinations  were  carried  out  at  each 
ten  my  over  the  wave-length  region  from  240  to  330  my  using  an  SF-4  spectrophotometer.  The  content  of 
aromatic  hydrocarbons  in  the  dearomatized  fractions  did  not  exceed  0.1<yo,  and  as  a  rule  it  was  significantly  less. 

The  refractive  indices  of  the  fractions  were  measured  with  an  IRF-23  refractometer.  No.  560,091,  fitted 
with  an  improved  thermostating  apparatus;  the  refractometer  was  checked  against  glass  standards  with  known 
dispersions.  An  SNA -2  sodium  lamp  and  a  GV-3  Geissler  tube  served  as  light  sources.  The  temperature  was 
maintained  in  the  limits  of  20.00  ±  0.03*  by  means  of  a  Bobzer  Model  U-8  circulating  thermostat. 

The  densities  of  the  dearomatized  fractions  were  determined  pycnometrically  at  a  temperature  of  20.00  ± 

±  0.03*.  Subsidiary  tables  [22]  were  used  for  the  density  calculations. 

RESULTS  OF  THE  INVESTIGATION  AND  DISCUSSION 

Tables  2  presents  a  condensed  summary  of  the  experimental  data  obtained  with  the  243  samples  of  dearoma¬ 
tized  gasoline  and  kerosene  fractions  from  the  47  petroleums  indicated  in  Table  1.  Table  2  contains  the  maximum, 
minimum,  and  average  values  of  all  four  of  the  refractive  dispersion  functions  (l)-(4). 

As  may  be  seen  from  the  data  presented,  the  Gladstone-Dale  specific  dispersion  calculated  by  Eq.  (1)  was 
the  most  constant  for  any  of  the  dearomatized  fractions.  Its  average  value  for  gasoline  fractions,  6fC’  97.3, 
which,  within  the  limits  of  accuracy  of  the  measurements.  Is  in  agreement  with  the  average  value  of  97.4  recently 
established  on  the  basis  of  the  most  accurate  data  for  individual  paraffins  and  naphthenes  [2].  Moreover,  It  should 


•Ultraviolet  absorption  spectra  showed  that  a  single  sulfuric  acid  treatment  was  insufficient;  in  a  number  of  cases, 
more  than  O.l^o  aromatic  hydrocarbons  remained. 
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Dispersions  of  Dearoma tized  Petroleum  Fractions 
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From  the  average  value  for  the  given  fraction. 


Fig.  1.  Group  chemical  composition  of  the  gasoline-kerosene  fractions  of  the 
petroleums  investigated.  The  numbers  correspond  to  the  sample  numbers  given 
in  Table  1. 


TABLE  3 

Errors  in  the  Determination  of  Aromatic  Hydro¬ 
carbons  Associated  with  Deviations  of  the  Disper¬ 
sion  from  the  Over-all  Average  Value  for  Gasoline 
Fractions 


Boiling 
range  of 
fraction 
(in  "O 

Error  (in  absolute  %  for  determin- 
1  ations  using  the  values  of 

0.;, 

*FC 

(i(»— !);j 

i 

1.2 

1.8 

0.7 

3.4 

9r)-122 

0.1) 

1.3 

0.5 

2.2 

122— 

0.0 

0.1) 

O.f) 

1.0 

150— ly.'i 

0.0 

1.2 

0.5 

2.3 

150— 2(K> 

1.2 

1.5 

O.'i 

^3 

175-2(H» 

l.:i 

2.2 

1 

0.9 

4.1 

Thus,  the  use  of  the  5  r  specific  dispersion  in  analysis 
the  analytical  determinations,  and  such  use  can  in  no 


be  noted  that  the  average  experimental  value  of  the 
specific  dispersion  of  the  dearomatized  petroleum  frac¬ 
tions  (97.3)  differs  appreciably  from  the  6p(3  values 
of  99  or  98  used  in  earlier  work.  The  use  of  these  high 
values  obviously  led  to  systematically  low  aromatic 
hydrocarbon  contents  and,  probably,  was  one  of  the 
reasons  why  the  specific  dispersion  method  proved  to  be 
less  accurate  than  the  relative  dispersion  method  [14]. 


The  specific  dispersion  calculated  by  the  Lorenz - 
Lorentz  formula  (3)  was  the  least  constant  of  all  of  the 
refractive  dispersion  functions  considered,  and  it  gave 
a  very  significant  and  regular  decrease  in  the  average 
values  with  an  increase  in  the  boiling  range  of  the 
fraction.  The  differences  between  the  maximum  and 
minimum  values  of  6[^  for  each  of  the  boiling  ranges 
was  significantly  greater  than  for  the  other  formulas 
considered,  and  the  deviation  from  the  average  value 
for  each  fraction  was,  on  the  average,  0.8%  i.e.,  twice 
as  great  as  for  the  other  expressions  for  specific  dispersion, 
can  lead  only  to  a  significant  decrease  in  the  accuracy  of 
way  be  justified. 


The  degree  of  constancy  of  the  relative  dispersion  for  gasoline  and  kerosene  fractions  was,  in  general, 
the  same  as  for  the  specific  dispersion  average  deviation  was  0.4‘yo.  and  In  the  case  of  gasoline  fractions, 

the  variation  in  values  was  greater  than  that  of  the  values,  while  in  the  case  of  the  kerosene  fractions, 
the  reverse  was  tme.  However,  in  contrast  to  the  6FC  specific  dispersion,  the  relative  dispersion  of  the  dearomatized 
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Fig.  2.  Dependence  of  the  relative  dispersion  of  dearomatized  gasoline 
fractions  on  refractive  index.  Boiling  ranges  of  the  fractions  (in  deg  C): 
I)  60-95;  n)  95-122;  ni)  122-150;  IV)  150-200,  150-175,  and  175-200. 


fractions  displayed  a  small  but  clear  dependence  on  the  boiling  range  of  the  light  fractions.  The  dearomatized 
gasoline  fractions  gave  appreciably  lower  values  of  specific  dispersion  (on  die  average,  =  17.31),  than  did 
the  heavier  gasoline  and  the  kerosene  fractions  (wp^  =  17.6-17.7).  In  this  connection,  the  average  value  of 

17.68,  for  the  kerosene  fractions  was  appreciably  higher  than  for  the  gasoline  fractions. 

The  function  (4)  had  the  opposite  trend  with  an  increase  in  the  boiling  range  of  the  fractions;  it  de¬ 
creased  in  a  regular  manner  with  the  transition  from  the  light  to  the  heavier  fractions,  approximately  by  3%. 

The  observed  change  in  6r  (4.7%)  was  1.5  times  as  great  as  the  change  In  but  the  latter  was  approximately 
1.5  times  as  great  as  the  change  in  the  .  relative  dispersion  with  the  transition  from  the  60-95*  gasoline 

fraction  to  the  250-300*  fraction  (2.1%). 

Thus,  on  comparing  the  expressions  for  refractive  dispersion  based  on  the  formula  of  Gladstone  and  Dale 
(1,  2)  with  Formulas  (3)  and  (4),  including  the  Lorenz -Lorentz  function,  we  see  that  the  use  of  the  latter  function 
has  no  advantages,  and  leads  to  an  appreciable  deterioration  of  the  corresponding  values  with  respect  to  the  re¬ 
quirements  mentioned  above  for  dispersion  analysis. 

Table  3  presents  the  values  of  the  absolute  errors  in  determinations  of  aromatic  hydrocarbons  in  gasoline 
fractions  caused  by  deviations  from  the  average  values  for  the  gasoline  fraction  as  a  whole;  these  are  the  average 
values  presented  in  the  penultimate  line  of  Table  2.  It  is  not  difficult  to  see  that  the  best  results  were  obtained 
with  6fc  dispersion  (1),  second  place  went  to  u;p(^  (2)  relative  dispersion,  and  functions  (3)  and  (4)  gave  very 
large  errors. 

The  (jjpQ  relative  dispersion  was  somewhat  Inferior  to  the  specific  dispersion  with  respect  to  constancy 
of  the  average  values  for  the  dearomatized  fractions;  however,  it  surpassed  6fc  respect  to  additivity  as 
defined  in  reference  [23],  and  is  enormously  more  convenient  for  routine  analyses,  being  free  from  the  require¬ 
ment  of  laborious  density  determinations. 

It  seemed  desirable  to  improve  further  the  relative  dispersion  method  and  to  seek  a  formula  which  still 
better  satisfies  the  requirements  for  dispersion  analysis. 

A  comparison  of  the  values  of  the  relative  dispersion  of  different  dearomatized  gasoline  fractions  leads  to 
the  conclusion  that  dearomatized  fractions  with  the  higher  refractive  indices  as  a  rule  have  the  higher  relative 
dispersion.  This  dependence  of  the  value  of  on  index  of  refraction  is  observed  not  only  when  comparing 
fractions  with  different  boiling  ranges  but  also  on  comparing  fractions  having  the  same  boiling  range  but  different 
group  compositions.  The  latter  circumstance,  which  Is  clearly  illustrated  in  Fig.  2,  is,  In  turn,  associated  with 
the  well-known  difference  in  the  average  values  of  the  dispersion  of  different  classes  of  saturated  hydrocarbons 
[9];  dispersion  increases  on  going  from  the  weakly  diffracting  paraffins  to  highly  refracting  cyclohexane  hydro¬ 
carbons. 
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TABLE  4 

Disperslometrlc  Coefficients  of  Dearomatized  Petroleum  Fractions 


Boiling 
range  of 
fraction 

Value  of  Dpj- 

Average 

deviation 

ADpc 

(in  %) 

Error*  in  the 
determination 
of  aromatic 
hydrocarbons 
(In  absolute 
%) 

average 

minimum 

ma'xlmum 

60—95 

193.9 

192.3 

195.1 

0.4 

0.8 

95—122 

194.8 

193.5 

195.7 

0.3 

0.6 

122—150 

194.8 

193.2 

196.2 

0.3 

0.6 

150-175 

194.4 

193.1 

195.8 

0.2 

0.4 

175—200 

194.4 

192.9 

195.7 

0.3 

0.4 

150—200 

194.5 

193.6 

196.1 

0.3 

0.5 

2(K)-225 

194.4 

193.2 

195.5 

0.3 

— 

225—250 

194.3 

193.5 

195.4 

0.3 

— 

200—250 

194.7 

193.8 

196.0 

0.2 

— 

250—275 

194.2 

193.5 

196.0 

0.2 

— 

275— .300 

194.0 

193.2 

195.5 

0.3 

— 

250—300 

194.6 

193.5 

196.4 

0.3 

— 

60-200 

194.5 

192.3 

196.2 

0.42 

_ 

200-300 

194.4 

1 

193.2 

1 

196.4 

•Due  to  deviations  In  from  the  over -all  average  value  for  gasoline 
fractions. 

The  observed  "trend*  in  the  values  of  upQ  mixtures  of  saturated  hydrocarbons  as  a  function  of  their 
index  of  refraction  Indicates  that  the  average  dispersion  np— n^  of  the  dearomatized  fractions  is,  strictly  speaking, 
proportional  not  to  the  value  n^— 1  (or  np  — 1)  but  to  some  more  complex  function  of  the  index  of  refraction  . 
Recalling  the  high  degree  of  constancy  of  5p^  specific  dispersion  of  the  dearomatized  fractions.  It  would  seem 
possible  to  approach  the  determination  of  the  manner  In  which  the  average  dispersion  depends  on  Index  of  refrac¬ 
tion  through  the  use  of  the  relationship  between  the  density  and  refractive  index  of  hydrocarbons,  the  refractive 
difference  ("refractlvlty  intercept")  rj; 


r,-  =  n  — 


2 


(S) 


The  refractivity  Intercepts  of  paraffins,  monocyclic  naphthenes,  and  bicyclic  naphthenes  boiling  up  to 
250*  are  1.046,  1.040,  and  1.033,  respectively  [2].  For  our  purpose,  it  is  quite  sufficient  to  confine  our  considera¬ 
tions  to  an  over-all  average  value  rj  for  saturatcdhydrocarbons,  1.04,  disregarding  the  difference  between  np  and 
n^,  which  is  unimportant  in  the  present  case. 

Taking  r^  =  1.04  and  substituting  the  value  of  d  from  Eq.  (5)  into  Eq.  (1),  we  obtain  a  new  constant  which 
is  related  to  the  relative  dispersion  and  which  we  propose  to  call  the  disperslometrlc  coefficient  Dp^: 


1.04 


•  10<. 


(6) 


It  would  be  expected  that  the  newrefractometric  constant  (6),  combining,  as  it  does,  the  merits  of  specific 
(1)  and  relative  (2)  dispersions,  will  be  even  more  convenient  for  the  analysis  of  petroleum  by  the  dispersion  method. 

In  Table  4  are  presented  values  of  Dp^  calculated  from  the  same  original  experimental  data  presented  in 
Table  2,  and  these  values  indicate  the  very  nigh  degree  of  constancy  of  the  dlspersiometrlc  coefficient  for  all 
of  the  dearomatized  fractions  investigated. 
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The  average  values  of  Dp(^  for  gasoline  and  kerosene  fractions  agree  within  the  limits  of  accuracy  of  the 
measurements.  The  deviation  from  the  average  value  was  only  0.4%,  which  is  less  than  for  previously  used  re¬ 
fractive  dispersion  functions.  The  divergence  between  the  maximum  and  minimum  values  of  Dp^  was  only  2% 
instead  of  the  3.f>%  for  tup^.  the  2.6%  for  6p(-i  the  5.3%  for  and  8.8%  for  6[^. 

The  data  indicate  the  desirability  of  using  the  new  constant— the  dispersiometric  coefficient— for  the  Inves¬ 
tigation  of  petroleum  fractions. 


SUMMARY 


L  Measurement  of  the  dispersion  of  gasoline -kerosene  fractions  of  47  different  petroleums  showed  that 
values  of  6  p  (3)  and  (4)  for  dearomatized  fractions  display  considerable  variation  and  cannot  be  recommended 
for  analysis  by  the  dispersion  method. 

2.  The  average  value  of  the  specific  dispersion  6p(^  (1)  for  dearomatized  gasoline  fractions  was  97.3,  which 
is  appreciably  less  than  the  previously  used  value  of  98-99.  The  average  value  of  the  relative  dispersion  tup^  (2) 
of  the  dearomatized  fractions  with  a  boiling  range  of  up  to  200*  is  in  agreement  with  the  earlier  value  of  17.55  [3]. 


3.  In  investigations  of  petroleum,  it  is  expedient  to  use  a  new  constant— the  dispersiometric  coefficient 

rijf —  rig 

Dye  —  ^  —  1  04  '  distinguished  by  an  exceptionally  high  constancy  for  dearomatized  fractions  and 


which  excels  in  this  respect  all  other  formulas  for  refractive  dispersion.  The  dispersiometric  coefficient  of  dear 
omatized  fractions  boiling  up  to  300”  has  an  average  value  of  194.4  ±  0.8. 
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LOW-TEMPERATURE  OXIDATION  PRODUCTS  IN  DIESEL  FUELS 


B.  A.  Englin,  B  N.  Klopov,  L 


S.  Stepanova,  and  S.  A. 


Re  7 vi na 


It  is  well  known  that  diesel  fuels  as  a  rule  have  a  color  ranging  from  light  to  dark  yellow  owing  to  the 
presence  of  gum.  The  latter  are  chiefly  oxidation  products  of  hydrocarbons  which  have  been  oxidized  to  some 
extent  or  other.  Until  fairly  recently,  the  gum  content  of  diesel  fuels  has  not  been  controlled.  Therefore,  the 
literature  contains  only  very  little  information  either  on  the  quantitative  content  of  gum  in  diesel  fuels  or  on 
the  gum’s  nature.  Moreover,  gum,  which  is  formed  in  diesel  fuel  during  storage,  may  be  the  principal  cause 
of  the  formation  of  deposits  on  the  needles  or  injection  valves  of  diesel  engines  [1]. 

Sergienko  and  Galich  [2],  during  an  investigation  of  the  behavior  of  diesel  fuels  during  storage  in  small 
glass  flasks  which  were  exposed  to  light,  established  that  there  is  an  appreciable  increase  in  the  gum  content 
of  diesel  fuels  during  storage  over  a  period  of  from  two  to  five  years.  Moreover,  they  noted  that  the  aromatic 
hydrocarbons  present  in  the  fuel  are  the  worst  gum  formers,  and  these  aromatics  are  the  principal  source  of  gum- 
formlng  processes  in  diesel  fuels.  The  naphthene— isoparaffin  hydrocarbons  separated  from  this  same  straight-run 
diesel  fuel  were  subjected  to  low -temperature  oxidation  conditions,  and  it  was  found  that  oxidation  of  these  hydro¬ 
carbons  had  a  greater  induction  period;  no  gum  was  detected  in  them  after  a  two-year  storage,  but  the  content  of 
peroxide  compounds,  the  initial  oxidation  products,  was  high. 

Detailed  investigations  of  the  products  of  the  low -temperature  oxidation  of  straight-run  and  cracked  light 
naphtha -kerosene  fractions  have  been  carried  out  by  Chertkov  and  Zrelov  [3 -.5],  who  established  that  aromatic 
hydrocarbons  with  unsaturated  aliphatic  side  chains  are  the  first  compounds  to  undergo  oxidation.  Moreover,  the 
oxidation  products  are  chiefly  alcohols  and  carbonyl  compounds,  and  acidic  and  highly  condensed  compounds  are 
present  only  in  small  amounts. 

The  gums  contained  in  fuels  are  a  mixture  of  oxygenated  compounds  of  different  types.  According  to  the 
data  of  Sergienko  and  Galich  [2],  the  molecular  weight  of  the  gum  exceeds  the  molecular  weight  of  the  hydro¬ 
carbons  composing  the  fuel  by  a  factor  of  approximately  1.5,  while  the  molecular  weight  of  the  asphaltenes 
formed  in  the  fuel  during  storage  exceeds  that  of  the  hydrocarbons  by  a  factor  of  almost  two.  The  oxygenated 
compounds  isolated  by  Chertkov  and  Zrelov  differed  comparatively  little  with  respect  to  molecular  weight  from 
the  hydrocarbons  from  which  they  were  formed. 

We  considered  it  desirable  to  investigate  the  nature. not  of  the  total  gum  formed  in  diesel  fuel  during  storage 
under  normal  conditions,  but  rather  the  nature  of  fractions  of  the  gum  separated  by  adsorption. 

Five  samples  of  diesel  fuels  of  different  origin  and  which  had  been  stored  for  two  to  three  years  were  used 
in  the  investigation;  these  fuels  were  two  straight-run  sulfur -free  fuels.  DZ  and  DL  by  GOST  4749-49,  a  straight 
run,  high-sulfur  diesel  fuel  (sulfur  content,  1%),  a  catalytically  cracked  diesel  fuel  (DTK),  and  a  diesel  fuel  ob¬ 
tained  by  hydrogenation  of  coal  tar  (synthetic). 

In  Table  1  are  presented  the  physicochemical  properties  of  the  fuels,  and  Table  2  presents  their  hydro¬ 
carbon  group  composition.  The  latter  was  determined  by  a  combination  of  chromatographic  separation  of  por¬ 
tions  of  the  fuel  with  65-150-mesh  silica  gel  into  a  paraffin— naphthene  fraction  and  an  aromatic  fraction  and 
group  structural  analysis  of  the  two  fractions  by  the  M-nj^*°  method  [6].  The  content  of  unsaturated  hydrocarbons 
was  calculated  from  the  iodine  number  as  determined  by  GOST  2070-55;  for  this  determination,  the  fuel  was 
dissolved  in  acetone. 
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TABLE  1 

Physicochemical  Properties  of  the  Fuels  Investigated 


Distillation  data 

Tempera¬ 
ture  CO 

o 

0 

Fuel 

o 

73 

a 

u 

Q 

a. 

oa 

O 

O 

O 

a» 

o 

CO 

o> 

Actual  gum  b 
GOST  8489- 
(in  mg/ 100 

Sulfur  contei 
(in  %) 

sediment 

pour  point 

Viscosity  at  2 
(Ln  centistoki 

Acidity  (inm 
KOH  per  100 

Diesel  fuel  DL 
by  GOST 
4749-49 

0.861 

195° 

220° 

275° 

3-42° 

348° 

41 

0.024 

-10 

-20 

5.9 

;!.2.') 

Diesel  fuel  DZ  by 
GOST  4749-49 

0.850 

187° 

200° 

2.V.° 

316° 

300° 

79 

0.09 

-50 

—00 

4.42 

3.9  i 

High -sulfur  diese 
fael  (1.0%- 
sulfur) 

205° 

240° 

273° 

327° 

348° 

27 

1.0 

_ *} 

-12 

5.39 

2.85 

Synthetic  diesel 
fuel 

0.850 

202° 

222° 

250° 

330° 

— 

42 

0.035 

— 

— 26 

4.2 

4.1 

Catalytic  diesel 
fuel 

0.875 

2.37° 

252° 

270° 

314° 

340° 

56 

0.13 

1 

1 

-21 

-23 

5.05 

;!.o7 

In  any  consideration  of  Table  2,  the  high  content  of  aromatic  hydrocarbons  in  the  catalytic  and  synthetic 
fuels  is  noteworthy;  furthermore,  the  aromatic  hydrocarbons  in  the  catalytic  fuel  were  principally  bicyclic,  while 
in  the  synthetic  fuel  they  were  exclusively  monocyclic.  The  content  of  unsaturated  hydrocarbons  in  the  fuels  was 
not  large  and  did  not  exceed  4.0yo. 

The  gum, or  oxygenated  compounds, was  separated  from  the  fuels  by  chromatography  over  aluminum  oxide. 
The  hydrocarbon  fraction  was  desorbed  with  isopentane,  and  desorption  of  the  oxygenated  compounds  was  accom¬ 
plished  by  four  successive  desorbents;  carbon  tetrachloride,  benzene,  acetone,  and  an  alcohol-benzene  mixture 
(1  ;  1).  Oxygenated  compounds  present  in  the  catalytic  fuel  were  not  completely  desorbed  by  the  alcohol -benzene 
mixture.  Therefore,  acetic  acid,  recommended  by  Z.  A,  Sablina,  was  used  for  complete  desorption  of  the  oxygen¬ 
ated  compounds. 

It  may  be  assumed  that  the  use  ot  several  desorbents  separated  the  oxygenated  compounds  according  to 
their  extent  of  oxidation,  and  that  with  increasing  polarity  of  the  desorbent,  the  more  deeply  oxidized  compounds 
were  desorbed. 

After  distillation  of  the  desorbent  in  a  stream  of  nitrogen,  the  resulting  oxygenated  compounds  were  char¬ 
acterized  by  molecular  weight,  iodine  number,  acid  number,  elemental  composition,  and  index  of  refraction. 

Table  3  presents  data  on  the  content  of  the  various  fractions  of  oxygenated  compounds  in  the  fuels,  as 
separated  by  the  various  desorbents,  and  Table  4  gives  their  characteristics. 

It  may  be  seen  from  these  data  that  the  over-all  content  of  oxygenated  compounds  in  the  fuels  investigated 
varied  within  wide  limits— from  0.75  to  3.29%.  The  lowest  amount,  less  than  1.0%,  was  present  in  the  sulfur -free, 
straight-run  fuels,  and  the  greatest  amount  was  present  in  the  synthetic  fuel.  The  catalytic  and  high-sulfur  fuels 
had  high  contents  of  oxygenated  compounds. 

A  high  content  of  oxygenated  compounds  does  not  permit  unequivocal  characterization  of  the  depth  of 
oxidation  of  fuel,  since  these  compounds  can  be,  to  a  considerable  extent,  initial  oxidation  products  formed 
over  a  brief  period  of  time  from  the  unstable  components  of  the  fuel.  The  distribution  of  the  oxidation  products 
throughout  the  fractions  gives  a  better  idea  of  the  depth  of  oxidation  of  the  fuel. 

The  fuels  investigated  differed  from  each  other  not  only  with  respect  to  the  total  amount  of  oxygenated 
compounds,  but  also  with  respect  to  the  distribution  of  these  compounds  among  the  individual  fractions. 
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With  the  exception  of  the  oxygenated  compounds 
desorbed  by  benzene,  the  content  of  which  in  the  fuels 
varied  within  narrow  limits  (0.16-0.32<yo),  the  contents 
of  all  remaining  fractions  of  oxygenated  compounds 
varied  over  a  rather  wide  range. 

The  catalytic  fuel  differed  from  the  other  fuels 
in  the  presence  of  oxygenated  compounds  desorbed  by 
acetic  acid,  and  the  synthetic  fuel  differed  in  its  sharp¬ 
ly  increased  content  of  oxygenated  compounds  desorbed 
by  the  alcohol-benzene  mixture,  A  relatively  large 
amount  of  the  latter  type  was  present  in  the  catalytic 
fuel.  Such  compounds  were  present  in  the  DL  and  DZ 
fuels  in  very  small  amounts.  These  fuels  also  contained 
the  lowest  amounts  of  oxygenated  compounds  desorbed 
by  acetone  and  carbon  tetrachloride.  Once  again,  the 
synthetic  fuel  contained  a  sharply  increased  amount  of 
oxidation  products  desorbed  by  acetone. 

It  should  be  remarked  that  part  of  the  oxygenated 
compounds  distilled  during  the  distillation  of  the  acetone 
from  the  oxygenated  compounds  in  a  stream  of  nitrogen. 
The  amount  of  this  distilled  portion  was  associated  direct¬ 
ly  with.the  amount  of  oxidation  products  desorbed  by  the 
alcohol -benzene  mixture,  i.e.,  with  the  degree  of  oxida¬ 
tion  of  the  fuel,  and  it  amounted  to  A<Jjo  for  the  DL  fuel, 
\2ojo  for  the  DZ  fuel,  I60/0  for  the  high -sulfur  fuel,  and 
30<yo  for  the  catalytic  fuel,  these  figures  being  based  on 
the  total  amount  of  this  fraction  of  oxidation  products. 

The  data  of  Table  4  show  that  there  was  a  general 
regularity  in  the  change  of  the  nature  of  oxygenated 
products  from  fraction  to  fraction,  a  regularity  which 
was  characteristic  of  all  of  the  fuels  investigated;  this 
confirms  the  assumption  made  above  as  to  the  degree 
of  oxidation  of  the  individual  fractions  and,  partially, 
as  to  their  nature. 

For  all  of  the  fuels,  the  minimum  oxygen  con¬ 
tent  occurred  in  the  oxygenated  compounds  desorbed 
by  carbon  tetrachloride.  The  content  of  oxygen  was 
higher,  but,  as  a  rule,  insignificantly,  in  the  oxygenated 
compounds  desorbed  by  benzene.  There  was  a  sharp  in¬ 
crease  in  oxygen  content  of  the  oxygenated  compounds 
desorbed  by  acetone  and  by  the  alcohol -benzene  mix¬ 
ture,  amounting,  in  individual  cases,  to  almost  two  atoms 
per  molecule  of  oxygenated  compound.  Moreover,  in 
some  of  the  fuels  a  larger  amount  of  oxygen  was  present 
in  the  compounds  desorbed  by  acetone,  while  in  otheK 
a  larger  amount  of  oxygen  was  present  in  the  compounds 
desorbed  by  the  alcohol-benzene  mixture.  The  oxygen 
content  of  the  oxygenated  compounds  desorbed  by  acetic 
acid  was  higher  than  that  of  the  compounds  desorbed  by 
the  alcohol-benzene  mixture.  The  sulfur  content  of  the 
individual  fractions  of  oxygenated  compounds  was  in 
conformity  with  the  sulfur  contents  of  the  original  fuels. 
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TABLE  3 

Content  of  the  Individual  Fractions  of  Oxygenated  Compounds  in  the  Fuels 


Content  of  adsorbed  gum  (in  %) 
I  by  fractions 


Fuel 

total 

carbon 

tetrachlo¬ 

ride 

benzene 

acetone 

alcohol - 
benzene 
mixture 

acetic 

acid 

0.735 

0.924 

2.033 

3.29 

1.864 

0.32 

0.16 

0.85 

0.68 

0.77 

0.13 

0.14 

0.18 

0.23 

0.20 

0.28 

0.60 

0.95 

1.70 

0.75 

0.015 

0.024 

0.043 

0.68 

0.12 

e 

0 

0 

0 

0.024 

High-sulfur  diesel  fuel . 

Synthetic  diesel  fuel . 

Catalytic  diesel  fuel . 

Thus,  all  of  the  fractions  of  oxygenated  compounds  extracted  from  the  high-sulfur  fuel  contained  sulfur.  The 
content  was  about  O.O.'jS^.  calculated  on  the  fuel.  The  sulfur  present  in  the  fractions  of  oxygenated  compounds 
obtained  from  the  catalytic  fuel  was  approximately  0.02%,  calculated  on  the  basis  of  the  fuel,  and  it  amounted 
to  approximately  0.017  and  0.005%,  respectively,  for  the  DZ  and  DL  fuels. 

A  characteristic  of  all  fractions  of  oxygenated  compounds  separated  from  the  various  fuels  was  their  mole¬ 
cular  weights,  which  differed  little  from  the  molecular  weights  of  the  respective  fuels.  Thus,  the  molecular 
weight  of  the  DL  fuel  was  215,  and  the  molecular  weights  of  the  oxygenated  compounds  separated  from  it  varied 
within  the  limits  172-259*;  for  the  high-sulfur  fuel,  these  values  Were,  respectively,  206  and  181-266;  for  the 
catalytic  fuel,  they  were  187  and  210-238;  and  for  the  synthetic  fuel,  they  were  193  and  231-250.  The  empirical 
formulas  calculated  from  the  molecular  weights  and  elemental  compositions  of  the  individual  fractions  of  oxygenated 
compounds  show  that,  with  the  exception  of  that  part  of  the  acetone -desorbed  oxygenated  compounds  which  distilled, 
these  oxygenated  compounds  contained  an  average  of  only  10  to  18  carbon  atoms  per  molecule,  i.e.,  even  fewer.  In 
certain  cases, than  the  number  contained  in  a  molecule  of  the  hydrocarbons  forming  the  diesel  fuels.  This  indicates 
that  the  oxidation  process  proceeding  at  low  temperatures  during  the  storage  of  diesel  fuels  is  not  accompanied  by 
polymerization  of  oxygenated  compounds,  in  spite  of  the  fact  that  In  a  number  of  cases  these  compounds  are  high¬ 
ly  unsaturated. 

The  difference  between  our  data  on  the  molecular  weight  of  the  oxygenated  compounds  and  the  data  ob¬ 
tained  by  Sergienko  and  Galich  can  apparently  be  explained  by  the  difference  in  oxidation  conditions,  since  they 
stored  their  fuels  in  small  glass  flasks  located  by  a  window,  i.e.,  subject  to  the  action  of  light.  It  is  well  known 
that  light  not  only  intensifies  oxidative  processes,  but  also  modifies  their  course.  In  particular,  it  is  possible  that 
the  role  of  polymerization  processes  is  increased  under  the  influence  of  light.  It  is  noteworthy  that  the  oxidation 
products  separated  by  Chertkov  and  Zrelov  from  light  naphtha -kerosene  fractions  contained  an  average  of  10-12 
carbon  atoms  per  molecule;  this  is  approximately  the  same  as  in  the  original  hydrocarbons.  In  other  words,  during 
storage  in  an  iron  container,  i.e.,  without  the  influence  of  light,  appreciable  polymerization  or  condensation  of  the 
oxidation  products  is  not  observed,  even  in  the  case  of  such  fractions  as  a  cracked  kerosene. 

As  would  be  expected,  the  oxygenated  compounds  obtained  from  all  of  the  fuels  investigated  by  desorption 
with  alcohol -benzene  mixture  had  high  acid  numbers;  this  was  also  true  of  their  iodine  numbers.  This  fact, 
and  also  the  combination  of  high  acid  number  with  high  iodine  number,  indicates  that  during  low -temperature 
oxidation,  compounds  with  an  unsaturated  bond  preferentially  undergo  oxidation,  and  the  addition  of  oxygen  does 
not  take  place  at  the  double  bond. 

The  significantly  lower  acid  number  of  all  fractions  of  oxygenated  compounds  separated  from  the  high-sulfur 
diesel  fuel  merits  mention. 


•These  figures  do  not  take  into  account  that  part  of  the  acetone -desorbed  oxygenated  compounds  which  distilled. 
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TABLE  4 

Characteristics  of  the  Oxygenated  Compounds  Separated  from  the  Fuels 
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Synthetic  diesel  fuel  \  Acetone  (distilled  part) 

Alcohol-benzene  mixture 


The  oxygenated  compounds  separated  from  all  of  the  fuels  had  high  indices  of  refraction.  The  only  excep¬ 
tion  was  the  distillable  part  of  the  oxygenated  compounds  desorbed  by  acetone.  The  presence  of  the  latter  was 
apparently  the  result  of  cleavage  processes  occurring  during  the  low -temperature  oxidation.  The  values  of  the 
indices  of  refraction  Indicate  the  presence  mainly  of  two  aromatic  rings  or  of  a  naphthene -aromatic  ring  In  the 
molecules  of  the  oxygenated  compounds  separated  from  the  DL  and  DZ  diesel  fuels,  the  high-sulfur  fuel,  and 
the  catalytic  fuel,  and  predominantly  one  aromatic  ring  in  the  oxygenated  compounds  separated  from  the  syn¬ 
thetic  fuel. 

This  aromatic -ring  structure  of  the  oxygenated  compounds  corresponds  to  the  aromatic-ring  structure  of 
the  hydrocarbons  composing  the  fuels.  The  aromatic  hydrocarbons  in  the  catalytic  fuel  contained  the  greatest 
number  of  rings.  The  oxygenated  compounds  separated  from  this  fuel  had  the  highest  carbon -to -hydrogen  ratio, 
especially  in  the  fractions  desorbed  by  carbon  tetrachloride  and  benzene.  The  carbon -to -hydrogen  ratio  and  the 
empirical  formula  calculated  from  the  elemental  composition  and  molecular  weight  also  indicate  the  presence 
of  more  than  one  aromatic  or  naphthene -aromatic  ring  in  the  molecule  of  the  oxygenated  compounds  obtained 
from  the  DZ  and  DL  diesel  fuels  and  from  the  high-sulfur  fuel,  and  they  also  indicate  even  more  than  two  ar¬ 
omatic  rings  in  the  carbon  tetrachloride-  and  benzene -desorbed  oxygenated  compounds  in  the  catalytic  fuel. 

The  high  iodine  number  of  the  oxygenated  compounds  separated  from  the  various  diesel  fuels  and  the 
aromatic  character  of  their  hydrocarbon  parts  show  that,  as  in  the  case  of  kerosenes,  aromatic  hydrocarbons  hav¬ 
ing  a  double  bond  in  an  aliphatic  side  chain  are  the  first  components  of  a  diesel  fuel  to  undergo  low -temperature 
oxidation. 


SUMMARY 

1.  During  low -temperature  oxidation  of  diesel  fuels  occurring  during  prolonged  storage,  the  oxidation 
processes  are  not  accompanied  by  polymerization  of  the  oxygenated  compounds  In  spite  of  the  unsaturated  char¬ 
acter  of  the  latter. 

2.  At  low  temperatures,  aromatic  hydrocarbons  having  a  double  bond  in  an  aliphatic  side  chain  are  the 
first  components  of  diesel  fuels  to  undergo  oxidation. 

3.  The  number  of  aromatic  rings  in  the  oxygenated  compounds  corresponds  to  the  number  contained  in  the 
hydrocarbons  forming  the  diesel  fuels  subjected  to  low -temperature  oxidation. 

4.  The  over -all  contentof  oxygenated  compounds  in  the  fuels  investlgated,varied  within  wide  limits— from 
O.lfy  to  3,29«/o.  The  lowest  amount— less  than  1.0<7o~was  present  in  the  sulfur-free  straight-run  diesel  fuels,  while 
the  greatest  amount— 3,29%— was  contained  in  the  synthetic  fuel  obtained  by  hydrogenation  of  coal  tar. 

f).  With  the  exception  of  the  oxygenated  compounds  desorbed  by  benzene,  which  were  present  in  all  of  the 
fuels  investigated  in  approximately  equal  amounts,  the  content  of  oxygenated  compounds  desorbed  by  carbon 
tetrachloride,  acetone,  and  alcohol -benzene  mixture  varied  within  a  wide  range. 

The  synthetic  fuel  differed  from  the  remaining  fuels  by  its  especially  high  content  of  oxygenated  compounds 
desorbed  by  acetone  (1.7%)  and  by  alcohol -benzene  mixture  (0.68%),  and  the  catalytic  diesel  fuel  was  distinguished 
by  the  presence  of  oxygenated  compounds  desorbed  by  acetic  acid. 

LITERATURE  CITED 

[1]  Schwartz  Wald, Oil  and  Gas.  J.  22,  121  (1957). 

[2]  S.  R.  Sergienko  and  P,  N.  Galich,  Zhur.  Prikladnoi  Khim.,  11,  1653  (1957).* 

[3]  Ya.  B.  Chertkov  and  V.  N.  Zrelov,  Zhur.  Prikladnoi  Khim.  10,  1045  (1953),* 

[4]  Ya.  B.  Chertkov  and  V.  N.  Zrelov  Zhur.  Prikladnoi  Khim.,  28,  8,  899-905  (1955)? 

[5]  Ya.  B.  Chertkov  and  V.  N.  Zrelov,  Zhur.  Prikladnoi  Khim.  12  (1955).  * 

[6]  R.  E.  Hersh  et  al.,  J.  Inst.  Petroleum  36,  624  (1950). 

Received  March  19,  1959 

•Original  Russian  Pagination.  See  C.  B.  Translation. 


2815 


CATALYTIC  CONVERSIONS  OF  PARAFFIN  ON  GUMBRINE 


N.  B.  Lobacheva 


In  contrast  to  the  work  published  previously  [1],  the  present  work  on  the  catalytic  conversion  of  petroleum 
paraffin  was  carried  out  with  a  different  ratio  between  the  product  and  the  catalyst  and  this  made  it  possible  to 
lower  the  reaction  temperature  considerably.  In  addition,  the  use  of  new  methods  made  it  possible  to  study  the 
chemical  nature  of  the  conversion  products  obtained  more  thoroughly. 

EXPERIMENTAL 

For  the  experiments  we  used  commercial  paraffin  which  was  first  purified  thoroughly  with  sulfuric  acid. 

The  physicochemical  characteristics  of  the  purified  paraffin  are  given  in  Table  1.  The  same  table  gives  the 
composition  of  the  paraffin  from  the  thermocatalysis  products.  The  paraffin  did  not  contain  aromatic  hydro¬ 
carbons.  The  paraffin  conversion  was  carried  out  at  atmospheric  pressure  in  a  metal  reactor  column  at  a  tem¬ 
perature  up  to  2.'i0®  and  a  ratio  of  product  to  catalyst  of  1:5  The  catalyst  was  the  natural  clay,  gumbrine,  ac¬ 
tivated  with  hydrochloric  acid  and  dried  at  120*  for  3  hours.  Rapid  decomposition  of  the  paraffin  occurred  even 
at  185*.  The  yields  of  products  from  the  thermocatalytlc  conversion  of  paraffin  are  given  in  Table  2.  Fractions 
of  hydrocarbons  boiling  at  200-250*  and  400-500*  were  obtained  in  the  greatest  yield. 

Investigation  of  products  from  thermocatalysis  of  paraffin.  The  gaseous  products  consisted  mainly  of 
methane  with  a  small  amount  of  its  gaseous  homologs  and  unsaturated  hydrocarbons.  The  liquid  products  did  not 

TABLE  1 

Physicochemical  Properties  of  Starting  ParafHn  and  Paraffin  from  Thermocatalysis 


Amount  of 
paraffin  (^o) 

U 

Elementary 

formula 

iti  reaction 
with  urea 

General 

Product 

C 

«70 

Empirical 

formula 

of  series 

4i 

00 

•SgS 

o 

a. 

M 

C 

1! 

s 

C/H 

formula 

>  E  c 

<u 

bou  w 

oo*^ 

GO--. 

s 

Starting 

paraffin 

75 

25 

61 

1.4386 

0.7892 

460 

85.22 

14.62 

0.09 

5.82 

^32.7^66.9 

CuH2n+l.5 

"Normal" 

— 

— 

64 

1.4370 

0.7869 

440 

85.18 

14.75 

_ 

5.77 

^31.2^^64.4 

"Isomer" 
Paraffin  from 

~ 

50.5 

1.4436 

0.8055 

485 

85.48 

14.60 

— 

5.85 

C34.r)2H  70.24 

ChH2>i+i.* 

thermo - 
catalysis 

60 

40 

61.5 

1.4364 

0.7878 

420 

85.24 

14.77 

5.77 

^20.66  ^  61 .54 

C»H2n+a 

"Normal" 

from  ther- 

mocatalysis 

"Isomer" 

— 

— 

64 

1.4370 

0.7871 

432 

85.21 

14.77 

— 

5.77 

^30.67^63.3 

CnH  211+2 

from  ther  - 
mocatalysis 

_ 

— 

56.5 

1.4363 

0.7888 

402 

85.25 

14.80 

— 

5.76 

C28..5H59 

CiiH2n+2 
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TABLE  2 

Yields  of  Products  from  Thcrmocatalysis  of  Paraffin 


Y  ield  rela  - 

Molecular  wt. 

tive  to  start- 

of  fraction  after 

Fraction 

ing  material 

removal  of 

(in  wt.  %) 

aromatics 

Gaseous  hydrocarbons 

3.8 

28—65° 

5.0 

80 

65—95° 

4.7 

91 

9.5—122° 

5.4 

107 

122—150° 

6.5 

119 

155-200° 

8.0 

145 

200-250° 

10.5 

176 

250—300° 

4.4 

218 

300—400° 

5.2 

286 

400—500° 

8.9 

420 

Above  500° 

1.4 

479 

Solid  hydrocarbons 

Alcohol -benzene  resins 

20.5 

9.5 

420 

Carbon  on  clay 

4.6 

— 

Experimental  bases 

1.6 

— 

contain  unsaturated  hydrocarbons  and  began  to  boil  at  28*.  which  corresponds  to  pentane.  In  hydrocarbon  group 
composition  (Table  3).  determined  by  the  aniline  method,  the  liquid  products  consisted  of  methane  hydrocarbons 
(56.6«7o)  and  naphthenes  (0.5%),  while  the  aromatic  fraction  corresponded  to  2.9%  of  the  original  paraffin.  The 
first  fractions  consisted  wholly  of  isomerization  products. and  hydrocarbons  giving  a  complex  with  urea  only  ap¬ 
peared  beginning  with  the  fraction  boiling  at  250-300*. 

Aromatic  hydrocarbons  were  Isolated  from  fractions  boiling  at  150-200*,  200-250,  250-300,  and  above  300* 
by  chromatographic  adsorption  on  silica  gel. 

According  to  structural  group  analysis  (Table  4),  the  aromatic  concentrates  consisted  of  monocyclic, 
bicycUc.and  a  small  amount  of  tricyclic  hydrocarbons  with  a  large  number  of  substituents.  The  amount  of  carbon 
in  the  paraffin  structures  reached  40%  of  the  total  content.  Naphthene  rings  were  absent  from  the  aromatic  hydro¬ 
carbons. 

The  characteristics  of  the  solid  hydrocarbons  from  the  thermocatalysis  as  compared  with  the  starting  paraf¬ 
fin  are  given  in  Table  1.  The  data  presented  indicate  that  the  part  of  the  starting  paraffin  that  does  not  give  a 
complex  with  urea  is  converted;  normal  hydrocarbons  of  the  starting  paraffin  are  also  converted  into  isoparaffins, 
both  solid  and  liquid,  of  similar  molecular  weight. 

The  solid,  normal  hydrocarbons  from  the  thermocatalysis  were  part  of  the  normal  hydrocarbons  of  the  start¬ 
ing  paraffin  that  had  not  reacted.  Their  identity  was  demonstrated  by  the  agreement  of  the  physicochemical 
properties. 


DISCUSSION  OF  RESULTS 

According  to  theory,  methane  hydrocarbons  undergo  the  following  conversions:  a)  isomethanes  with  a  tertiary 
carbon  atom  are  readily  cleaved  to  form  CH4;  b)  normal  methane  hydrocarbons  undergo  isomerization  (a  peculiar 
process  of  hydrogen  redistribution  inside  the  molecule,  reducing  its  free-energy  level);  c)  under  the  action  of 
temperature  and  a  catalyst  there  is  cleavage  of  high-molecular  methane  hydrocarbons  with  rupture  of  a  C— Cbond, 
predominantly  In  the  middle  of  the  molecule. 

In  paraffin,  which  is  a  mixture  of  hydrocarbons  of  various  molecular  weights  and  structures,  there  is  simul¬ 
taneous  isomerization  and  cleavage  to  form  various  methane  hydrocarbons— gases,  liquids  and  solids. 

The  source  of  aromatic  hydrocarbons  could  be:  a)  olefins  (as  any  catalytic  cleavage  of  methane  hydro¬ 
carbons  passes  through  the  stage  of  olefin  +  aliphatic  hydrocarbon),  which  are  cycllzed  to  aromatic  hydrocarbons; 
b)  according  to  thermodynamic  considerations  [3],  the  conversion  of  high-molecular  methane  hydrocarbons  into 
aromatics  without  the  stage  of  olefins  is  quite  probable. 
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TABLE  3 

Hydrocarbon  Group  Composition  of  Fractions 


Take-off  tempera¬ 
ture  range  of 
fraction  (in  *C) 

Yield  of  fractior 
relative  to 
starting  mate  - 
rial  (wt.  %) 

Maximum  ani¬ 
line  point  (^C) 

Amount  of  hydrocarbons  (in  wt. 

before 
removal 
of  aro¬ 
matics 

after  re - 
rrioval 
of  aro¬ 
matics 

on 

fraction 

on  start - 
ing  par- 
anin 

on 

frac¬ 

tion 

on  start¬ 
ing  paraf. 
fin 

on 

fraction 

_ 

on  start¬ 
ing  par- 
amn 

28—65 

5.0 

100 

5 

65-95 

4.7 

68.9 

69.0 

0.1 

0 

5 

0.2 

94.9 

4.5 

95—122 

5.4 

69.0 

69.7 

0.8 

0 

4.2 

0.2 

95 

5.3 

122-150 

6.5 

70.0 

72.5 

3.1 

0.2 

2.4 

0.1 

94.5 

6.1 

150-200 

8.0 

72.9 

78.8 

9.1 

0.7 

0 

0 

90.9 

7.3 

200-250 

tO.5 

81.9 

86.2 

7.5 

0.8 

0 

0 

92.5 

9.7 

250-300 

4.4 

90.4 

93.8 

6.5 

0.3 

0 

0 

93.5 

4.1 

Above  300 

15.5 

113.8 

116.6 

5.9 

0.9 

0 

0 

94.1 

14.6 

Total 

60.0 

— 

— 

— 

2.9 

0.5 

56.6 

TABLE  4 

Physicochemical  Characteristics  of  Aromatic  Concentrates 


Fraction  (“C) 

n20 

"d 

w20 

‘*4 

Af 

Structural  0 
n-d-M  mm 
Hazelwood 

roup  analysis  by  the 
hw,  modified  “by 

Specific 

dispersion 

1 

e 

General 
formula 
of  series 

hydrogen 

content 

No.  of  rings 

Ca 

Ch 

Cn 

«A 

150-200 

1.4851 

0.8398 

135 

1.37 

1.0652 

— 4 

200-250 

1.5080 

0.8758 

156 

53 

7 

40 

1.0 

0.2 

178 

1.0701 

— 

250—300 

1.5458 

0.9190 

187 

59 

2 

39 

1.53 

0.07 

209 

1.0863 

— 

Above  300 

1.5848 

0.9731 

287 

59 

0 

41 

2.64 

0 

253 

1.0983 

ChH2«— 14.7 

In  contrast  to  hydrocarbons  isolated  from  natural  petroleum  [4],  the  aromatic  hydrocarbons  obtained  did  not 
contain  hybrid  forms  with  aromatic  and  naphthene  rings  when  both  have  a  large  number  of  methane  substituents. 

Under  the  conditions  of  thermocatalysis  naphthene  hydrocarbons  undergo  the  following  conversions:  On 
one  hand,  naphthenes  can  lose  hydrogen  comparatively  readily,  forming  aromatic  structures,  and  on  the  other 
hand,  under  the  action  of  hydrogen,  naphthene  rings  tend  to  open,  with  rupture  of  a  C— C  bond  and  the  formation 
of  methane  chains;  naphthenes  with  high-molecular  substituents  tend  to  isomerize  to  form  naphthenes  with  short 
substituents. 

In  addition,  we  can  assume  the  conversion  of  naphthenes  according  to  the  scheme 

CHa 

HaC/^CH— R 

3  J 

Had^^CHa 
CHa 

with  the  redistribution  of  hydrogen  inside  the  molecule  leading  to  the  formation  of  aromatic,  methane,  and  simple 
naphthene  hydrocarbons.  This  reaction  route  is  proved  by  the  presence  of  a  small  amount  of  naphthenes  in  the 
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light  fractions  of  the  thermocatalysls  products.  The  presence  of  naphthene  hydrocarbons  in  the  light  fractions 
from  thermocatalysis  of  paraffin  and  ceresin  was  observed  by  Zellnskli  and  Mlkhlina  [5],  Dobryanskli  and 
Vorob*eva  [6],  and  Bogomolov  and  Smirnova  [1].  As  according  to  the  results  of  elementary  analysis  and  the 
general  formula  ceresin  contains  more  naphthene  rings,  it  gives  a  larger  amount  of  naphthenes  in  the 

conversion  products.  Regeneration  of  naphthenes  does  not  occur  during  the  thermocatalysls  of  paraffin. 
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CONTINUOUS  NITRATION  OF  ETHYLBENZENE 


O.  S.  Vladyrchlk,  L.  L.  Bespalova,  P.  M.  Kochergin,  V.  A.  Zasosov, 
and  A.  M.  Tsyganova 

S.  Ordzhonikidze  All-Union  Chemicopharmaceutical  Scientific  Research  Institute 


There  is  literature  on  the  continuous  nitration  of  benzene,  toluene,  and  other  aronnatic  and  aliphatic  com¬ 
pounds.  It  is  known  that  the  productivity  of  continuous  nitration  apparatus  is  considerably  greater  than  that  of 
batch -operating  apparatus.  We  should  also  note  that  well -developed,  continuous  nitration  processes  give  nitro 
compounds  of  better  quality. 

Despite  the  fact  that  a  large  quantity  of  p-nitroethylbenzene  is  used  in  a  number  of  countries  as  an  inter¬ 
mediate  in  the  production  of  the  synthetic  antibiotic  levomycetin  (or  its  racemate,  synthomycin),  no  continuous 
methods  of  mononitrating  ethylbenzene  have  been  described. 

We  developed  the  continuous  nitration  of  ethylbenzene  to  nitroethylbenzene  (abbreviation  for  a  mixture 
of  p-,  0-,  and  m-nitroethylbenzenes)  with  a  nitration  mixture  of  nitric  and  sulfuric  acids  on  the  principle  of  a 
direct-flow  system. 

The  proposed  method  is  based  on  the  optimal  conditions  found  for  the  batch  mononitration  of  ethylbenzene 
[1].  The  following  optimal  conditions  were  established  for  batch  nitration  of  ethylbenzene  to  nitroethylbenzene: 
the  activity  factor  of  the  nitrating  mixture  (F)  72-73%,  fS%  excess  of  nitric  acid  over  the  amount  required  theor¬ 
etically,  temperature  on  adding  the  nitrating  mixture  to  the  ethylbenzene  45-50*,  temperature  of  nitration  mix¬ 
ture  50-55°,  time  of  adding  nitrating  mixture  15-20  minutes,  and  reaction  time  30  minutes. 

Many  factors  were  not  changed  in  the  development  of  the  continuous  nitration  of  ethylbenzene.  Only  the 
effect  of  an  excess  of  nitric  acid  from  1  to  5%  on  the  yield  and  quality  of  the  nitroethylbenzene  and  the  mixing 
temperature  of  the  components  in  the  main  nitrator  over  the  ranges  40-45  and  45-50*  were  checked. 

We  found  the  optimal  conditions  for  the  continuous  nitration  of  ethyl -benzene  to  nitroethylbenzene  by  the 
method  described  in  the  experimental  section  of  this  article.  The  ethylbenzene  was  nitrated  in  two  apparatuses 
connected  in  series.  The  design  of  nitration  apparatus  we  chose  did  not  differ  in  principle  from  those  used  indus¬ 
trially,  which  operate  on  the  direct  current  principle  described  in  the  monograph  by  Vorozhtsov  [2],  The  only 
difference  was  that  instead  of  a  propellor  stirrer,  a  turbine  type  was  used  and  the  components  were  mixed  in  the 
upper  instead  of  the  lower  part  of  the  nitrator.  The  continuous  addition  of  ethylbenzene  and  nitrating  mixture 
was  at  rates  calculated  for  the  nitration  mixture  remaining  in  the  nitration  system  for  1  hour  (30  minutes  in  each 
apparatus).  The  nitration  mixture  from  the  buffer  nitrator  was  collected  in  a  receiver  for  1  or  2  hours  and  weighed. 
The  nitration  product  was  separated  from  the  spent  acid, and  the  nitroethylbenzene  and  spent  acid  were  also  weighed 
and  analyzed.  The  nitroethylbenzene  was  checked  for  specific  gravity,  acidity,  and  ethylbenzene  and  dinitroethyl- 
benzene  contents.  This  data  was  used  to  calculate  the  mononitroethylbenzene  yield  relative  to  the  ethylbenzene 
taken  for  the  reaction.  The  results  of  the  most  characteristic  experiments  on  the  continuous  nitration  of  ethyl¬ 
benzene  are  given  in  Table  1. 

From  several  experiments  with  continuous  input  of  components  for  from  11  to  16.5  hours,  we  established 
that  the  optimal  conditions  for  continuous  nitration  of  ethylbenzene  to  nitroethylbenzene  are  as  follows:  a  nitrat¬ 
ing  mixture  activity  factor  of  72-73%,  a  nitric  acid  excess  of  5%,  a  temperature  of  40-45*  in  the  main  nitrator, 
50-55*  In  the  buffer  nitrator,  and  the  nitration  mixture  remaining  30  minutes  in  each  apparatus. 
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TABLE  1 

Experimental  Results  of  Continuous  Nitration  of  Ethylbenzene  to  Nitroethylbenzene 


Content  (in 

9U3ZU9q 

-iXqjsoUTiup 

None 

None 

None 

None 

None 

J 

ouozusq 

-iXqjo 

M  ■-1  0)  0>  CO  CO  «0  C3J  O  oj  00  00  t- 05  OS 

o  evi  C  CO  OQ  cq  cvi  lO  cq  os  lO  t~;  eq  in  cq 

■*io  ^  cnS eg  CO d  evi eg --5 o  ^  ^ 

ouozuoq 
-iXmaoJitu  lo 
XjtabjS  Dijioads 

1.122 

1.120 

_ 

1.122 

1.122 

- 

1.120 

1.120 

Yield  pure 
nitroethyl- 
benzene 

IHOTjoJoaqj 

JO% 

1  1  1  1  1  1  1  1  l|  1  1  1  1  I  1  l|  1  1  1  1  1  1  l| 

8m 

1  1  1  1  1  1  1  1  iS  1  1  1  1  1  1  l§  1  1  1  1  1  1  l| 

(%)  ouazuaqtXqja 
-OJITU  jo  Xitppv 

1  1  1  1  1  1  1  1  1^-  1  1  1  1  1  1  ll  1  1  1  1  1  1  ll 

Material  ob¬ 
tained  (g) 

oudzuaq 

-iXqiaoJiTU 

!  M  1  1  1  1  1  1  M  1  1  1  1  I  1  1  1  1  ll 

CO  SI*  -cr 

piOB 

lUdds 

1  1  1  1  1  1  1  1  ll  1  1  1  1  1  1  li  1  1  1  1  n  iS 

in  t—  t— 

Spent  acid  composition 
(in  %) 

punod 
-mOD  OJJTU 

coin»^'!fcj>os.^coin.-<  cO'cfococqcot~in  ^inegcovrcocoeo 
eg  .rH .,4 o o --I o o --1 o o o o  oooooooo 
oooc5c5c5c5c>c5o  ocdcscdcoocscs  csoocscJcscso 

•o*N 

eo  vf  ..H  oc  CO  in  00  eg  o  .-.i  eg  eg  eg  o  oot'.egego-«-<'c»' 

eg  eg  eg  eg  eg  eg  eg  eg  eg  eg  i  cq  cq  cq  eq  cq  cq  co  co  co  eo  co  ro --.t  cq  co 
c5c5coc>oc3oc5c5c>  'csoocsooo  c5oc>oc3oc5o 

'ONH 

00 SI*  o  eg  eg  ,  -h  in  eo  in  eg  .-h  o  oo  co  sr  eg  sr  co  oo 
sr  eg  t-;  eg  CO  in '0*  00  in  00  |  sr  in  os  e-;  co  in  in  sr 'O*  •»-*  eo  eo  eg  co  eg 

CO o <3 c5 cs c5 c>  cscsocscicscso 

’OS'tl 

^  CO  CO  00  00 in  o  CO  co  in o  co  o  in  oo  in  o  oo 

CD  in  CD  CD  ^  r-j  CO  00  ^  in  oj  oq  o>  cnj  oo  in 

cvj  c4  evi  cvj  cvj  cs}  c\i eg  CNi  |  ^  ^  eg  evi 

(jq  UT)  oiutj 
U0-3MBJ  SlduiFS 

eg  CO  m  CD  00  05  o eg  sj*  cd  oo  o  eg  vr  cd  co  m  05 co  in 

(jq  UT)  uoij 
-Bjnp  juauiuodxH 

11.2 

16.4 

15.0 

(%  UT) 

ssooxa  ®ONH 

p  p  p 

in  CO  sH 

gi>ui) 

oanixiui  auTjBJjTU 
JO  JOjbujXjTATJO  V 

72.8 

72.3 

72.55 

Nitrating 
mixture  (<^r) 

'ONII 

23.16 

22.20 

21.76 

’OS'H 

60.81 

60.79 

61.33 

Charge 
(in  g) 

ojnjxim 

SuTlUJlTU 

6510 

8651 

8594 

ouozuaq 

-iXqia 

2416 

3125 

3135 

•ON  'jdxH 

^  eg  CO 

2821 


TABLE  2 

Cyclic  Experiments  on  the  Washing  of  Acid  Nitroethylbenzene 
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Under  these  conditions  the  process  proceeded  steadily  as  shown  by  the  constant  composition  of  the  spent 
acid  and  nitroethylbenzene.  The  latter  was  obtained  in  the  form  of  a  light -yellow  liquid,  indicating  that  it  did 
not  contain  tarry  products.  It  did  not  contain  ethylbenzene  or  dinitroethylbenzene.  Hence  we  were  able  to  re¬ 
commend  the  elimination  of  steam  distillation  of  nitroethylbenzene  from  the  technological  process.  The  nitro¬ 
ethylbenzene  yield  was  99.2-99.8«/o  on  the  ethylbenzene  taken  for  the  reaction. 

The  spent  acid  also  appeared  as  a  clear,  slightly  yellow  liquid,  which  contained  12-12Plo  sulfuric  acid, 

0.. 5 -1.5%  nitric  acid,  0.2-0. 3%  nitrogen  oxides  (calculated  as  nitrogen  trioxide),  and  0.03-0.15%  nitro  compounds. 
The  sulfuric  acid  could  be  regenerated  by  denitration  and  subsequent  concentration  by  known  methods. 

When  ethylbenzene  was  nitrated  with  a  nitrating  mixture  containing  a  nitric  acid  excess  of  less  than  5% 
over  that  calculated  for  the  ethylbenzene,  the  nitroethylbenzene  formed  contained  unreacted  ethylbenzene.  The 
ethylbenzene  content  varied  from  1.5  to  4.8%  with  a  nitric  acid  excess  of  1. 0-3.5%. 

An  important  feature  of  the  present  investigation  was  the  development  of  a  system  of  washing  the  acid 
nitroethylbenzene  without  discharging  toxic  wastes  into  the  drainage.  No  investigations  in  this  direction  were 
carried  out  in  the  work  published  on  ethylbenzene  nitration. 

In  our  experiments  on  continuous  nitration  of  ethylbenzene,  the  nitroethylbenzene  had  an  acidity  of  0.61 
to  1.16%  after  separation  from  the  spent  acid.  It  was  established  that  the  product  could  be  freed  from  the  acid 
by  washing  with  water  in  three  stages  with  a  closed  circulation  system,  removing  wash  water  I,  and  adding  it  to 
the  spent  acid. 
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To  develop  a  closed  water-circulation  system  we  carried  out  a  cyclic  experiment  on  the  washing  of  nitro- 
ethylbenzene  with  water  In  three  stages  and  26  cycles  of  the  wash  water.  The  experimental  procedure  was  as 
follows.  Into  a  heated  0.75-liter  separating  funnel  fitted  with  a  stirrer  were  placed  100  g  of  nitroethylbenzene 
with  an  acidity  of  0.72-1.16<yo  and  380  ml  of  wash  water  I  with  20  ml  of  wash  water  II.  The  mixture  was  stirred 
at  65-70*  for  15  minutes,  the  stirrer  stopped,  and  the  separated  nitroethylbenzene  removed  from  the  water.  Of 
the  so-called  wash  water  I  thus  obtained,  20  ml  was  removed  from  the  cycle. and  380  ml*  used  for  the  first  wash¬ 
ing  of  the  next  100  g  of  nitroethylbenzene.  After  the  first  wash,  the  nitro  product  was  washed  a  second  time  with 
380  ml  of  wash  water  II  with  20  ml  of  wash  water  III  added,  and  then  a  third  time  with  380  ml  of  wash  water  III 
with  20  ml  of  fresh  water  added. 

Thus,  in  the  washing  of  nitroethylbenzene  the  modulus  was  taken  as  4  with  20  ml  of  fresh  water  used  for 
each  100  g  of  nitroethylbenzene  and  20  ml  of  wash  water  I  removed.  The  acidity  of  the  wash  water  I  removed 
from  the  cycle  and  the  acidity  of  the  washed  nitroethylbenzene  were  determined  after  each  wash.  A  total  of  26 
experiments  with  wash  waters  were  carried  out  until  the  last  8-10  analyses  of  wash  water  I  showed  the  same  acid¬ 
ity  and  this  was  taken  as  Indicating  that  the  nitroethylbenzene  washing  system  had  been  established. 

The  results  of  cyclic  experiments  on  the  washing  of  nitroethylbenzene  with  water  are  given  in  Table  2. 

The  average  acidity  of  the  wash  waters  in  a  wash  cycle  after  26  circulations  was  as  follows:  2.64ojo  for  wash  water 
I.  0.26<7o  for  wash  water  II,  and0.038iifofor  wash  water  III.  As  Table  2  shows,  after  18  circulations  of  the  wash  water 
the  washing  process  became  stable  at  a  nitroethylbenzene  acidity  of  about  0.1%  and  a  wash  water  I  acidity  of 
about  2.5-3%. 

In  order  to  reuse  the  sulfuric  acid  and  eliminate  the  disposal  of  toxic  waste  water  in  the  production  of  nitro¬ 
ethylbenzene,  wash  water  I  (200  kg  per  ton  of  nitroethylbenzene)  may  be  added  to  the  spent  acid  for  regeneration. 
In  this  case  the  sulfuric  acid  content  of  the  dilute  spent  acid  would  be  68-69%. 

After  three-stage  washing  with  water  in  a  closed  water  circulation  system,  the  nitroethylbenzene  was  frac¬ 
tionated  in  vacuum  without  preliminary  drying. 

As  the  literature  mentions  washing  of  nitroethylbenzene  with  aqueous  solutions  of  Inorganic  bases  [3,  4],  we 
also  carried  out  experiments  on  the  washing  of  nitroethylbenzene  with  aqueous  sodium  carbonate  solution  in  the 
second  wash.  In  this  case  the  washing  procedure  was  as  follows;  50  ml  of  nitroethylbenzene  with  an  acidity  of 
1.16%  was  washed  at  room  temperature  with  200  ml  of  water,  then  200  ml  of  5%  aqueous  sodium  carbonate  solu¬ 
tion,  and  finally  water  again  (twice  with  200  ml  portions).  The  acidity  of  the  nitroethylbenzene  washed  in  this 
way  was  0.0175,  0.0125,  0.018  and  0.018%  In  the  four  experiments. 

The  fractionation  of  nitroethylbenzene,  washed  with  water  containing  sodium  carbonate  and  without  it, 
was  the  same  in  each  case  and  the  quality  of  the  o-  and  p-nitroethylbenzenes  obtained  was  the  same.  On  these 
grounds  the  sodium  carbonate  wash  of  nitroethylbenzene  before  its  fractionation  was  eliminated. 

EXPERIMENTAL 

For  the  experiments  we  used  ethylbenzene  satisfying  the  requirements  of  VTU  MKhP  No.  3925-54.  The 
nitrating  mixtures  were  prepared  from  standard  acids,*melange*  and  commercial  sulfuric  acid  with  the  calculated 
amount  of  water  added. 

Continuous  mononitration  of  ethylbenzene.  Ethylbenzene  was  nitrated  continuously  to  nitroethylbenzene 
In  laboratory  equipment  consisting  of  two  apparatuses,  the  main  one  and  a  buffer.  Separation  was  carried  out 
periodically  In  a  separating  funnel.  The  nitrators  were  glass  apparatuses  with  275  ml  working  capacity,  connected 
at  the  top.  The  first  nitrator  (main  one)  was  fitted  with  a  stirrer,  a  reflux  condenser,  two  graduated  dropping  fun¬ 
nels,  and  a  thermometer.  The  second  nitrator  (buffer)  was  fitted  with  astlrrer,  reflux  condenser,  and  thermometer. 
The  nitrators  were  cooled  with  tap  water. 

The  main  nitrator  was  charged  with  114.6  g  of  ethylbenzene, and  then  over  a  period  of  20  minutes,  160.5  g 
of  nitrating  mixture,  containing  60.81%  sulfuric  acid,  23.16%  nitric  acid,  and  16.03%  water  (F  =  72.8%),  was  added 


•  To  compensate  for  the  evaporation  of  part  of  the  water  in  the  washing  of  nitroethylbenzene  at  65-70*,  enough 
fresh  water  was  added  in  each  experiment  to  make  the  amount  up  to  380  ml. 


2823 


from  die  separating  funnel  with  cooling  and  stirring  The  temperature  in  the  apparatus  was  kept  within  the  range 
40-4fi*.  After  the  addition  of  the  nitrating  mixture,  the  temperature  was  kept  at  50 -5S*  for  30  minutes.  Then  the 
two  components  were  added  continuously  at  a  rate  of  19.1  ml  of  ethylbenzene  and  26.75  ml  of  nitrating  mixture 
in  5  minutes,  which  corresponded  to  the  reaction  mixture  remaining  in  each  reactor  for  30  minutes.  When  the 
buffer  apparatus  was  filled,  the  reaction  mixture  was  collected  in  a  separator  and  the  nitroethylbenzene  period¬ 
ically  separated  from  the  spent  acid  and  washed  with  water  to  an  acidity  of  not  more  than  0.1<>^ 

By  continuous  nitration  of  2416  g  of  ethylbenzene  with  6510  g  of  nitrating  mixture  of  the  above  composition 
over  a  period  of  11.2  hours,  we  obtained  3414  g  of  nitroethylbenzene  (99.2<>^  yield  on  ethylbenzene)  of  specific 
gravity  1.122,  which  did  not  contain  ethylbenzene  or  dinltroethylbenzene.  The  amount  of  spent  acid  was  .5480  g; 
its  composition  was  as  follows:  71.91%  sulfuric  acid,  0.28%  nitric  acid,  0.29%  nitrogen  oxides  (calculated  as  nitrogen 
trioxide),  and  0.02%  nitro  compounds. 

Fraction  distillation  of  the  nitroethylbenzene  on  a  column  1500  mm  high,  which  we  described  previously 
[5],  yielded  38-40%  p-nitroethylbenzene,  40-42%  o-nitroethylbenzene,  18.22%  of  an  intermediate  fraction  (con¬ 
taining  0-,  m-,  and  p-nitroethylbenzenes),  and  1.5-3%  distillation  residue. 

SUMMARY 

1.  A  continuous  method  was  developed  for  the  nitration  of  ethylbenzene  to  nitroethylbenzene  with  a 
nitrating  mixture  of  nitric  and  sulfuric  acids. 

2.  A  method  was  developed  for  washing  the  acid  nitroethylbenzene  with  a  closed  water  circuit  without  the 
disposal  of  toxic  waste  water  into  the  drainage. 
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NITRO  DERIVATIVES  OF  ACENAPHTHENE 


M.  M.  Dashevskil 


In  recent  years  nitro  derivatives  of  acenaphthene  have  attracted  attention  as  interesting  and  extremely  ac¬ 
cessible  intermediates  in  the  synthesis  of  various  dyes  and  some  other  compounds. 

Meanwhile,  the  method  of  preparing  them  has  remained  the  same  as  described  in  the  last  century. 

Quincke  obtained  4-nitro-  and  4.5-dinitroacenaphthene  by  the  action  of  fuming  nitric  acid  on  a  solution 
of  acenaphthene  in  glacial  acetic  acid  [1,  2]. 

Graebe  and  Brions  nitrated  acenaphthene  under  the  same  conditions  with  nitric  acid  with  sp.g.  1.47-1.48. 
The  yield  of  4-nitroacenaphthene  was  90<7o  of  theoretical  [3]. 

Sachs  and  Mosebach  proposed  the  nitration  of  acenaphthene  with  concentrated  nitric  acid.  They  obtained 
4-nitroacenaphthene  (I)  in  a  yield  of  of  theoretical  [4].  If  acenaphthene  was  nitrated  with  twice  the  amount 
of  concentrated  nitric  acid,  4,  ,S-dinitroacenaphthene  (II)  was  obtained  in  40%  yield. 


CH2-CH2  CH2-CII2 


-NO2 


A  mononitroacenaphthene  with  m.p.  155”  was  described  by  Jandrier  [5]  but  later  investigators  could  not 
obtain  it  [3,  4].  Jandrier  nitrated  acenaphthene  with  nitric  acid  with  sp.g.  1.34. 

Monti  and  his  co-workers  studied  the  nitration  of  acenaphthene  and  other  aromatic  hydrocarbons  with  a 
solution  of  nitrous  fumes  in  ether  or  acetic  acid  [6-8].  Of  the  hydrocarbons  they  studied,  acenaphthene  was  found 
to  be  the  most  reactive.  Acenaphthene  is  nitrated  by  liquid  N2O4  to  4,  5-dinitroacenaphthene  even  at  -  15”. 

In  an  attempt  at  electrochemical  nitration  of  acenaphthene,  it  was  observed  that  with  this  hydrocarbon,  in  con¬ 
trast  to  naphthalene,  there  was  extensive  oxidation, with  strong  gas  evolution  [9]. 

Morgan  and  Harrison  [10]  established  that  if  acenaphthene  is  nitrated  in  acetic  anhydride  solution,  then 
together  with  4-nltroacenaphthene  (I),  a  considerable  amount  of  2-nitroacenaphthene  (III)  is  formed. 

Krivonos  developed  a  method  of  nitrating  acenaphthene  with  weak  nitric  acid  without  solvent  [11]. 

Despite  the  attractiveness  of  this  method,  according  to  our  investigations,  under  the  conditions  adopted  by 
Krivonos  the  yield  of  4-nitroacenaphthene  does  not  exceed  60%. 

The  nitration  of  acenaphthene  has  been  studied  by  Japanese  chemists  since  the  war  [12,  13]. 

Acenaphthene  was  converted  to  the  dlnitro  derivative  in  glacial  acetic  acid  with  98%  nitric  acid  (9  moles 
of  acid  to  1  mole  of  acenaphthene). 
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The  yield  of  4,  ft-dinitroacenaphthene  with  m.p.  210-211.5*  was  48.5%  of  theoretical. 

Under  these  conditions,  2,  4-  and  2,  x-dinitroacenaphthene  were  formed  simultaneously  and  these  were 
separated  by  boiling  the  nitration  product  with  benzene  [13]. 

In  the  nitration  of  acenaphthene  by  other  methods,  other  isomers  are  also  apparently  formed  together  with 
4-nltro-  and  4,  5-dlnitroacenaphthene,  but  there  is  no  satisfactory  method  of  separating  them  as  yet.  Their 
stmctures  have  also  been  studied  Insufficiently. 

Up  to  the  present  time.  4-nItroacenaphthene  used  in  technology  has  been  obtained  by  nitration  of  acenaph¬ 
thene  in  acetic  acid.  Although  this  method  gives  a  good  product  In  a  yield  of  90%  and  above,  it  suffers  from 
essential  drawbacks.  A  large  amount  of  glacial  acetic  acid  is  consumed.and  it  is  practically  impossible  to  re¬ 
generate  It.  Then,  under  production  conditions,  glacial  acetic  acid  is  a  very  aggressive  agent  and  its  vapor  pen¬ 
etrates  through  leaks  in  the  apparatus,  creating  unbearable  conditions  in  the  plant. 

We  found  that  acenaphthene  is  very  readily  nitrated  in  dichloroethane  solution.  We  studied  the  action  of 
nitric  acid  of  various  concentrations  on  acenaphthene  in  this  solvent.  In  dichloroethane,  acenaphthene  is  nitrated 
even  by  7%  nitric  acid,  though  very  slowly. 

If  acenaphthene  is  nitrated  wtih  50%  nitric  acid  and  stronger,  together  with  the  mono  derivative,  a  certain 
amount  of  dinitroacenaphthene  and  their  oxidation  products  are  formed. 

By  the  method  we  developed,  acenaphthene  in  dichloroethane  Is  nitrated  quantitatively  to  4-nitroacenaph- 
thene  by  nitric  acid  of  sp.g.  1.3. 

If  acenaphthene  in  dichloroethane  is  nitrated  with  nitric  acid  of  sp.g.  1.45,  4.  5 -dinitroacenaphthene  is 
obtained  in  a  yield  of  60-65%. 

In  dichloroethane  solution,  acenaphthene  is  nitrated  at  15-20°  by  weaker  nitric  acid  than  is  required  for 
nitration  in  acetic  acid. 

Under  these  conditions  the  reaction  mixture  has  to  be  cooled  as  witha  rise  in  temperature  (from  the  heat 
of  reaction),  in  addition  to  nitration,  oxidation  begins  with  the  liberation  of  nitrogen  oxides. 

The  nitration  to  dinitroacenaphthene  proceeds  with  somewhat  more  difficulty.  It  is  advantageous  to  nitrate 
acenaphthene  to  mononitroacenaphthene  with  nitric  acid  of  sp.g.  1.3-1. 4  first  and  then  use  a  nitrating  mixture 
consisting  of  equal  parts  of  nitric  acid  of  sp.g.  1.45  and  concentrated  sulfuric  acid. 

EX  PERIMENTA  L 

4-Nitroacenaphthene.  In  the  nitration  of  acenaphthene  in  acetic  acid,  we  obtained  the  best  results  under 
the  following  conditions:  25  g  of  acenaphthene  and  150  ml  of  glacial  acetic  acid  were  heated  on  a  water  bath 
until  solution  was  complete.  The  solution  was  then  cooled  to  20°,  and  then  .ignoring  the  acenaphthene  crystals 
precipitating  from  the  solution,  we  added  25  ml  of  nitric  acid  (sp.g.  1.37)  dropwise  over  a  period  of  30  minutes. 

All  the  acenaphthene  gradually  dissolved  and  then  nitroacenaphthene  began  to  precipitate  from  the  solution. 

A  brief  heating  on  a  water  bath  gave  a  clear  solution  which  was  left  until  the  following  day.  The  precip¬ 
itated  4 -nitroacenaphthene  was  collected  and  washed  twice  with  a  small  amount  of  80%  acetic  acid.  We  ob¬ 
tained  26.5-28  g  of  4 -nitroacenaphthene,  representing  82-88%  of  the  theoretical  yield.  The  product  had  m.p. 
101-102*.  Dilution  of  the  filtrate  with  water  yielded  a  further  4-6  g  of  a  low-melting  product. 

As  this  method  is  unsuitable  in  technology  due  to  the  large  consumption  of  acetic  acid,  which  is  practically 
impossible  to  regenerate,  we  studied  the  possibility  of  nitrating  acenaphthene  in  other,  more  readily  accessible 
solvents  or  without  them. 

We  found  that  nitration  without  solvent  did  not  proceed  to  completion  since  the  nitroacenaphthene  formed 
coated  the  as  yet  unreacted  acenaphthene  and  hindered  its  nitration.  The  yield  did  not  exceed  60%  of  theoretical. 

There  is  the  possibility  that  the  yield  could  be  increased  if  an  apparatus  were  constructed  in  which,  together 
with  efficient  stirring,  the  reaction  product  was  also  ground.  As  yet  this  method  is  unsuitable  due  to  the  low  yield 
and  impure  nature  of  the  product  obtained. 
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TABLE  1 


Nitration  of  Acenaphthene  In  Dichloroethane  to  4-Nitroacenaph- 
thene.  Acenaphthene  10  g,  Dichloroethane  20  ml,  t  =  10-15*,  dura 
tion  of  an  experiment  1  hr  30  min 


Specific 

Ktaviiy 

Nitric 
acid  cor 

1 

Amount 

Nltro- 

Melting 

of  nitric 

acena- 

point 
(in  *C) 

Expt.  No. 

of  nitric 
acid 

centra - 
tion 

acid 
[in  ml) 

phthene 
(in  g) 

1 

1.042 

7.7 

100 

10.2 

\  low- 

2 

1.110 

18.5 

40 

11.1 

1  melting 

3 

1.255 

40.58 

32 

12.95 

93—99 

4 

1.270 

42.87 

15 

12.7 

50-70 

5 

1.270 

42.87 

30 

12.8 

92—99 

6 

10 

12.7 

86—96 

7 

12 

12.85 

93—99 

8 

12 

12.85 

92—99 

9 

10 

1.30 

47.5 

12 

13 

12.9 

12.8 

93-98 

90-98 

11 

13 

12.9 

93-99 

12 

14 

12.85 

87—97 

13 

15 

12.85 

85-99 

14 

1.370 

59.39 

12 

12.85 

83—93 

15 

7 

12.1 

60—83 

16 

8 

12.5 

66—83 

17 

9 

12.75 

85—92 

18 

Mixture 

47.9 

10 

12.8 

92—96 

19 

10 

12.85 

93-98 

20 

11 

12.85 

83—95 

21 

12 

12.9 

80—93 

Good  results  were  obtained  by  using  organic  solvents  which  are  immiscible  with  water. 

Of  the  solvents  tested  (dichloroethane,  benzene,  nitrobenzene,  and  chlorobenzene)  the  most  suitable  was 
found  to  be  dichloroethane. 

Nitration  in  dichloroethane.  A  mixture  of  10  g  of  acenaphthene  and  20  ml  of  dichloroethane  was  stirred 
and  cooled  with  tap  water  (10-15*)  and  12  ml  of  nitric  acid  with  sp.g.  1.3  added  dropwise  over  a  period  of  25 
minutes. 

After  addition  of  the  acid,  the  mixture  was  stirred  for  a  further  one  hour,  washed  several  times  with  water 
to  remove  excess  nitric  acid,  the  dichloroethane  steam  distilled,  and  the  residue  dried  to  constant  weight  at 
60-70*.  We  obtained  12.8  -12.9  g  of  4-nitroacenaphthene  with  m.p.  92-99*  (theoretical  yield  12.92  g).  This 
product  was  pure  enough  for  technical  requirements. 

If  a  product  with  a  higher  melting  point  was  required,  the  crude  acenaphthene  (12.8-12.9  g)  was  recrystal¬ 
lized  from  70  ml  of  85fl/o  acetic  acid.  We  obtained  11.9-12.2  g  of  4-nitroacenaphthene  with  m.p.  99-102*. 

The  same  results  were  obtained  if  10  g  of  acenaphthene  was  nitrated  in  dichloroethane  solution  with  10  ml 
of  a  mixture  containing  47.5<7o  nitric  acid,  AAl^jo  sulfuric  acid,  and  48.03%  water. 

Nitration  in  chlorobenzene  solution  gave  a  product  of  poorer  quality  and  when  benzene  was  used  as  solvent, 
some  of  it  was  nitrated  together  with  the  acenaphthene,  though  only  a  very  small  amount. 

We  carried  out  several  series  of  experiments  to  study  the  nitration  of  acenaphthene  in  dichloroethane  with 
nitirc  acid  of  various  concentrations. 

Table  1  gives  data  from  some  of  these  experiments,  showing  the  effect  of  various  factors  on  the  yield  and 
quality  of  the  4-nitroacenaphthene.  As  Table  1  shows,  acenaphthene  is  nitrated  by  8%  nitric  acid.  We  could 
not  make  an  unequivocal  choice  of  the  optimal  conditions  (experiments  No.  7-9,  3  and  5). 
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TABLE  2 

Nitration  of  Acenaphthene  to  4,  S-DInitroacenaphthene.In  Each  Experiment  10  g  of 
Acenaphthene  and  30  ml  of  Dlchloroe thane  were  used;  t  =  15-20* 


HNO3  taken  (in  ml) 

HjS04 
taken 
(in  ml) 

Duration 
of  expt.* 
(in  hr) 

Nitro 
product 
obtained 
(in  g) 

Melting 

point 

(in  *0 

z 

D, 

a 

'  _ 1. 

■■ 

specific 

gravity 

amount 

specific 

gravity 

amount  1 

1 

6 

1.51 

10 

1 

10.2 

187—198 

2 

8 

1.51 

10 

— 

1 

10.0 

192-200 

3 

8 

1.51 

12 

— 

2 

10.3 

184-198 

4 

8 

1.51 

12 

— 

1.5 

10.5 

188-195 

5 

8 

1.51 

16 

— 

1 

10.2 

177—198 

6 

10 

1.51 

10 

— 

1 

11.5 

200-205 

7 

8 

1.365 

3 

6 

1 

7.1 

191—204 

8 

1.365 

8 

1.30 

6 

20 

3 

11.1 

186-198 

9 

8 

1.30 

10 

25 

1 

12.0 

180-201 

10 

7 

1.30 

10 

25 

1 

10.9 

195—205 

11 

8 

1.11 

15 

30 

1 

11.1 

190—203 

12 

8 

1.23 

10 

15 

1 

10.8 

180-195 

1-3 

10 

1.23 

5 

10 

1 

10.7 

178-196 

14 

10 

1.23 

10 

20 

1 

11.9 

196—205 

15 

10 

1.23 

10 

20 

1 

11.4 

200-205 

16 

1.4 

10 

1.4 

10 

10 

2 

11.4 

196-198 

17 

1.4 

8 

1.4 

8 

8 

2 

10.6 

192—200 

18 

1.345 

12 

1.345 

12 

10 

2 

1 

11.3 

19.5-197 

•The  time  for  which  the  reaction  mixture  was  stirred  after  addition  of  the  acid  is  given. 


The  best  results  were  obtained  with  nitric  acid  whose  initial  concentration  must  be  less  than  50%  and  final 
one,  not  less  than  25%.  This  made  It  necessary  to  work  with  a  definite  excess  of  nitric  acid.  In  work  with  the 
mixture,  the  excess  of  nitric  acid  could  be  reduced  considerably  (experiments  18  and  19). 

4,  5-Dinitroacenaphthene.  Nitration  to  dinitroacenaphthene  also  proceeds  in  dichloroethane  solution.  The 
reaction  proceeds  less  vigorously  than  to  the  mononitro  derivative  and  only  with  more  concentrated  nitric  acid 
or  nitrating  mixture. 

In  experiments  No.  15-21  the  nitration  was  performed  with  a  mixture  consisting  of  47.. 5%  nitric  acid,  4.47% 
sulfuric  acid,  and  48.03%  water. 

As  concentrated  nitric  acid  causes  tar  formation  as  well  as  nitration  of  the  acenaphthene,  it  was  better  to 
nitrate  the  acenaphthene  to  mononitroacenaphthene  with  weaker  nitric  acid  first  and  then  continue  the  reaction 
with  stronger  nitric  acid. 

We  developed  several  variants  for  synthesizihg  4,  5 -dinitroacenaphthene  in  80-8.5%  yield  on  the  dinitro 
product  content  of  the  nitrated  mass.  The  pure  product  could  be  isolated  in  a  yield  of  about  6.5%. 

Variant  1.  To  10  g  of  acenaphthene  was  added  30  ml  of  dichloroethane  and  with  cooling  with  tap-water 
(10-15*)  and  stirring,  10  ml  of  nitric  acid  of  sp.g.  1.365  was  added  dropwise  over  a  period  of  10  minutes.  After 
5  minutes  a  further  10  ml  of  fuming  nitric  acid  (sp.g.  1.51)  was  added  dropwise  and  stirring  continued  for  1  hour. 
After  20-30  minutes  from  the  beginning  of  the  reaction,  crystals  of  dinitroacenaphthene  began  to  separate  from 
the  solution.  The  mixture  was  left  overnight.  On  the  following  day  the  acid  layer  was  decanted  from  the  pre¬ 
cipitated  nitro  product,  which  was  washed  with  water,  the  dichloroethane  sucked  off  on  a  Buchner  funnel,  and  the 
residue  washed  three  times  with  5  mlportlonsof  dichloroethane  and  again  with  water.  We  obtained  10.8-11.5  g 
of  4,  5 -dinitroacenaphthene  in  the  form  of  beautiful  golden-yellow  needles  (68.1-72.6%);  the  melting  point  of 
the  product  was  200-205*. 


2828 


Variant  2.  Over  a  period  of  20  minutes,  an  acid  mixture  of  40  ml  of  nitric  acid  (sp.g.  1.365),  20  ml  of 
concentrated  sulfuric  acid,  and  20  ml  of  water  was  added  dropwlse  to  10  g  of  acenaphthene  and  30  ml  of  dichlo- 
roethane.  The  mixture  was  stirred  for  2  hours  and  then  left  until  the  following  day.  Subsequent  treatment  was 
as  In  variant  1.  We  obtained  10.7  g  of  dinltroacenaphthene. 

Distillation  of  the  dichloroethane  from  the  nitro  product  after  it  had  been  washed  free  from  acid  gave 
13.5-14.5  g  of  crude  nitro  product  from  10  g  of  acenaphthene.  For  purification,  the  nitro  product  was  treated 
with  a  10-fold  amount  of  hot  toluene  in  which  dinltroacenaphthene  is  difficultly  soluble.  After  this  treatment 
the  product  melted  at  about  215*. 

Table  2  gives  data  on  some  of  the  experiments  on  the  nitration  of  acenaphthene  to  4,  5 -dinltroacenaphthene. 

In  all  the  experiments  described,  to  a  solution  of  acenaphthene  in  dichloroethane  a  weaker  solution  of  nitric 
acid  was  first  added  with  cooling  to  prepare  the  mononitro  product  and  then  after  a  few  minutes  more  concentrated 
nitric  acid  or  a  nitrating  mixture  was  added,  usually  without  cooling.  The  precipitated  dinltroacenaphthene  was 
collected  on  a  Buchner  funnel  and  washed  three  times  with  dichloroethane  (5  ml  portions)  and  then  with  water. 

The  nitro  product  was  dried  at  100-110*. 

The  nitration  proceeded  more  vigorously  in  the  presence  of  sulfuric  acid,  but  concentrated  sulfuric  acid 
produced  partial  oxidation  and  tar  formation. 

We  obtained  a  good  yield  of  the  dinitro  product  only  with  a  large  excess  of  nitric  acid. 

SUMMARY 

1.  In  a  study  of  the  nitration  of  acenaphthene  in  various  solvents  with  nitric  acid  and  nitrating  mixture 

of  various  concentrations,  it  was  shown  that  of  all  the  solvents  investigated  (acetic  acid,  nitrobenzene,  benzene, 
dichloroethane,  and  chlorobenzene)  dichloroethane  gave  the  best  results. 

2.  The  method  developed  for  nitration  of  acenaphthene  made  it  possible  to  obtain  4-nitroacenaphthene 
and  4,  5 -dinltroacenaphthene  in  high  yields. 
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HYDROLYSIS  KINETICS  OF  SULFONIC  ACIDS  OF  XYLENE  ISOMERS 
AND  ETHYLBENZENE  IN  SULFURIC  ACID 

Ya.  I.  Leitman  and  M.  S.  Pevzner 
Lensovet  Leningrad  Technological  Institute 


One  of  the  methods  of  isolating  individual  isomers  from  technical  xylene  is  sulfonation  with  subsequent 
hydrolysis  of  the  sulfonic  acids  obtained: 

(CH3)2CoH3S03H  H2O  — >  (CH3)2C6H4  4-  H2SO4. 


The  hydrolysis  is  accelerated  in  the  presence  of  mineral  acids.  The  reaction  proceeds  at  an  appreciable 
rate  at  temperatures  above  100*. 

The  literature  contains  a  description  of  the  preparative  production  of  m -xylene  by  hydrolysis  of  its  sulfonic 
acid  [1-131  Klzhner  and  his  co-workers  [6.  14,  15]  found  temperature  conditions  for  hydrolyzing  o-,  m-,  and 
p-xylenesulfonic  acids.  This  work  was  of  a  qualitative  character  and  gave  no  information  on  the  kinetics  of  the 
process.  The  hydrolysis  kinetics  of  m-  and  p-xylenesulfonlc  acids  in  the  presence  of  hydrochloric  acid  at  dif¬ 
ferent  concentrations  and  of  m-xylenesulfonic  acid  in  the  presence  of  50  and75«7o  sulfuric  acid  at  100*  were 
studied  by  Crafts  [16,  ITI-  In  this  work  it  was  shown  that  raising  the  mineral  acid  concentration  increased  the 
hydrolysis  rate.  By  using  large  excesses  of  mineral  acid  and  water,  Crafts  was  able  to  describe  the  kinetic  data 
by  the  equation  of  a  reaction  of  the  first  order  [16,  18], 

We  undertook  a  detailed  study  of  the  kinetics  of  the  hydrolysis  of  sulfonic  acids  of  xylene  isomers  and 
ethylbenzene  in  the  presence  of  sulfuric  acid  at  various  concentrations  as  the  compounds  are  hydrolyzed  in  the 
presence  of  sulfuric  acid  in  practice. 

EXPERIMENTAL 

Preparation  of  sulfonic  acids.  The  sulfonic  acids  were  prepared  from  appropriate  pure  hydrocarbons  by 
sulfonation.  To  300  ml  of  hydrocarbon  was  added  360  ml  of  concentrated  sulfuric  acid  dropwise  with  vigorous 
stirring  at  about  40*.  After  the  addition  of  the  acid,  the  temperature  was  raised  to  90-95*  and  kept  there  for 
40  min  in  the  case  of  m-  and  o-xylenes  and  for  2  hr  in  the  case  of  p-xylene  and  ethylbenzene.  The  reaction 
mixture  was  then  cooled,  separated  from  unreacted  hydrocarbon  where  necessary,  and  poured  into  half  its  volume 
of  ice  water.  After  dilution,  the  mixture  was  cooled  to  0-5*.  The  precipitated  sulfonic  acid  was  collected  and 
recrystallized  twice  from  water  (1/5  of  the  weight  of  the  sulfonic  acid)  and  then  once  or  twice  from  chloroform. 
After  separation  from  the  chloroform,  the  sulfonic  acid  was  dried  in  a  stream  of  dry  air  to  remove  residual  solvent. 
The  sulfonic  acids  obtained  in  this  way  contained  2  moles  of  water  of  crystallization  per  mole  of  sulfonic  acid. 

Under  the  sulfonation  conditions  described,  o-  and  m -xylene  and  ethylbenzene  gave  one  sulfonic  acid  each 
with  the  sulfonyl  group  in  position  4  [  16,  19,  20];  p-xylene  gives  the  only  possible  sulfonic  acid. 

Experimental  procedure.  Into  a  flask  fitted  with  a  thermometer  and  a  multibulb  reflux  condenser,  cooled 
with  ice  water,  was  placed  a  weighed  sample  of  sulfonic  acid  (about  10  g)  and  a  definite  amount  of  sulfuric  acid 
of  a  given  concentration.  The  amount  of  sulfuric  acid  taken  was  such  that  for  each  mole  of  sulfonic  acid  there 
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Fig.  1.  Hydrolysis  of  m -:^ylenesulfonic 
acid  In  ^0o]o  sulfuric  acid.  A)  Degree  of 
hydrolysis  (in  <70);  B)  time  (In  hr).  Tem¬ 
perature  (in  *C):  1)  100,  2)  115. 


Fig.  2.  Hydrolysis  of  m-xylenesulfonlc 
acid  in  60<7o  sulfuric  acid.  A)  Degree  of 
hydrolysis  (in  0/0);  B)  time  (in  hr).  Tem¬ 
perature  (in  “O:  1)  100.  2)115,  3)130, 
4)  140. 


Fig.  3.  Hydrolysis  of  m-xylenesulfonlc 
acid  in  65<7o  sulfuric  acid.  A)  Degree  of 
hydrolysis  (in  <7o);  B)  time  (in  hr).  Tem¬ 
perature  (in  ‘C);  1)  100.  2)  115,  3)  130, 
4)  140. 


A 


was  70-75  moles  of  water,  contained  in  the  sulfuric 
acid.  This  made  it  possible  to  keep  the  medium  at 
practically  constant  acidity  during  the  experiment. 

Under  these  conditions  all  the  sulfonic  acids  of 
the  xylene  isomers  and  ethylbenzene  dissolved  com¬ 
pletely  at  the  experimental  temperatures. 

The  apparatus  was  placed  in  a  thermostatted 
glycerol  or  oil  bath,  previously  heated  to  the  given 
temperature.  The  time  was  measured  from  when  the 
temperature  of  the  liquid  in  the  flask  reached  this  value 
(usually  10-15  min  after  immersion).  After  being  heated 
for  a  definite  time,  the  apparatus  was  withdrawn  from 
the  bath,  rapidly  cooled,  its  contents  treated  with  water 
and  transferred  to  a  burette,  where  the  amount  of  hydro¬ 
carbon  liberated  was  measured.  The  amount  of  sulfonic 
acid  decomposed  was  calculated  from  the  amount  of 
hydrocarbon. 


The  results  of  experiments  on  the  hydrolysis  of 
m-  and  p -xylene -sulfonic  acids  are  presented  graphical¬ 
ly  (Figs.  1-8).  As  the  hydrolysis  of  other  sulfonic  acids 
proceeded  quite  analogously,  graphs  showing  the  course 
of  their  hydrolysis  are  not  given  to  save  space. 


In  sulfuric  acid  at  concentrations  of  50-65<7o 
(Figs.  1-3,  6,  and  7),  the  hydrolysis  slowed  as  the  reac¬ 
tion  proceeded  but  no  equilibrium  state  was  observed. 

In  the  hydrolysis  of  m-  and  p-xylenesulfonic  acid 
In  sulfuric  acid  with  concentrations  of  70  and  75<7»  (Figs. 
4,  5,  and  8),  the  reaction  first  proceeded  and  then  an 
equilibrium  was  established  between  the  hydrolysis  of  sulfonic  acid  and  the  sulfonation  of  hydrocarbon.  This  was 
especially  characteristic  of  75%  sulfuric  acid  where  the  hydrolysis  rate  and  the  establishment  of  equilibrium 
depended  on  whether  there  was  stirring  or  not.  With  stirring,  equilibrium  was  established  at  90  and  100*  at  a 
hydrolysis  degree  of  about  4%  and  at  115  and  130*,  at  a  hydrolysis  degree  of  about  6%  (Fig.  5).  When  the  hydrol¬ 
ysis  was  carried  out  without  stirring,  no  equilibrium  was  observed  at  a  hydrolysis  degree  of  25%. 


Fig.  4.  Hydrolysis  of  m -xylenesulfonic 
acid  in  70%  sulfuric  acid.  A)  Degree  of 
hydrolysis  (in  %);  B)  time  (In  hr).  Tem¬ 
perature  (in  'ey.  1)  100,  2)  115,  3)  130 
and  140. 
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Fig.  S.  Hydrolysis  of  m -xylenesulfonic  acid  in 
sulfuric  acid.  A)  Degree  of  hydrolysis  (iniyo)l 
B)  time  (in  hr).  Temperature  (in  *C);  1)  90  and 
100  (with  stirring);  2)  90  (without  stirring);  3)  100 
(without  stirring);  4)  115  and  130  (without  stirring). 


Fig.  6.  Hydrolysis  of  p-xylenesulfonic 
acid  in  60%  sulfuric  acid.  A)  Degree  of 
hydrolysis  (in  %);  B)  time  (in  hr).  Tem¬ 
perature  (in  *C):  1)  130,  2)  140. 


Fig.  7.  Hydrolysis  of  p-xylenesulfonic 
acid  in  65%  sulfuric  acid.  A)  Degree  of 
hydrolysis  (in  %);  B)  time  (in  hr).  Tem¬ 
perature  (in  *C);  1)  130,  2)  140,  3)  145. 


Fig.  8.  Hydrolysis  of  p-xylenesulfonic 
acid  in  70%  sulfuric  acid  at  130  and 
140*.  A)  Degree  of  hydrolysis  (in  %) 

B)  time  (in  hr). 


These  facts  may  be  explained  if  it  is  considered  thattherate  of  sulfonation  increases  with  stirring  while 
the  rate  of  hydrolysis,  as  a  homogeneous  reaction,  is  independent  of  stirring.  Therefore,  in  die  absence  of  stir¬ 
ring,  the  rate  of  hydrolysis  is  greater  than  the  rate  of  sulfonation  and  equilibrium  is  not  produced,  while  with 
stirring,  the  rate  of  sulfonation  increases  and  becomes  equal  to  the  rate  of  hydrolysis,  i.e.. equilibrium  is  estab¬ 
lished. 

From  the  data  obtained  we  calculated  the  rate  constant  of  the  hydrolysis  reaction  k  from  the 
equation  for  a  reaction  of  the  first  order: 

k=  Ig - —  11 /min] 

t  a  —  X 

where  t  is  the  time  (in  min),  a  the  initial  amount  of  sulfonic  acid,  and  x  the  amount  of  sulfonic 
acid  decomposed  at  moment  of  time  t . 

By  applying  this  equation  to  the  experimental  data  obtained  at  100  and  115*,  it  was  shown  that  the  rate 
constant  was  constant  with  time  for  all  sulfuric  acid  concentrations.  For  the  hydrolysis  of  m -xylene¬ 
sulfonic  acid  in  60  and  65%  sulfuric  acid  at  130  and  140*  there  was  a  decrease  in  the  reaction  rate 
constant  with  time.  Under  these  conditions  the  reverse  reaction  of  sulfonation  of  the  m -xylene  formed  ap¬ 
parently  began  to  have  an  effect  and  this  was  reflected  in  the  experimental  hydrolysis  constant.  Therefore, 
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Hydrolysis  I^te  Constants  of  Sulfonic  Acids  of  Xylene  Isomers  and  Ethylbenzene,  k  •  10^  1/min 
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to  calculate  the  hydrolysis  constants  of  m -xylene - 
sulfonic  acid  at  130  and  140*  in  60  and  65 <75,  sul¬ 
furic  acid,  we  used  only  the  initial  sections 
of  the  hydrolysis  curves,  where  the  reverse 
reaction  of  sulfonation  had  no  effect. 

In  hydrolysis  experiments  which  ended 
in  the  establishment  of  equilibrium  (m-  and 
p-xylenesulfonic  acids  in  70  and  75%  sulfuric 
acid),  we  also  used  rate  constants  calculated 
from  the  initial  sections  of  the  curves. 

Experiments  showed  that  the  change  in 
the  hydrolysis  rate  constant  of  sulfonic  acids 
with  temperature  obeyed  the  Arrhenius  equa- 

g 

tion  Ig  k  =  A  •  ~  the  exception  of  the 

regions  where  equilibrium  with  the  reverse 
reaction  of  sulfonation  was  established. 

The  table  gives  the  values  of  the  hydrol¬ 
ysis  rate  constants  for  sulfonic  acids  of  xylene 
isomers  and  ethylbenzene,  corrected  according 
to  the  Arrhenius  equation,  and  also  the  coef¬ 
ficients  of  the  Arrhenius  equation  and  the 
activation  energies. 

The  table  shows  that  the  maximum  rate 
of  hydrolysis  of  sulfonic  acids  of  m-  and  p- 
xylenes  and  ethylbenzene  are  achieved  at  a 
sulfuric  acid  concentration  of  65%  (at  tem¬ 
peratures  of  130-140*),  but  in  the  lower  tem¬ 
perature  region  (100-130*)  the  maximum 
hydrolysis  rate  is  observed  in  70%  sulfuric 
acid  (before  equilibrium  is  established).  In 
the  case  of  o-xylenesulfonic  acid,  the  max¬ 
imum  of  the  hydrolysis  rate  is  apparently 
displaced  into  a  region  of  lower  sulfuric  acid 
concentrations  (about  60%). 

Attention  is  attracted  by  the  fact  that 
in  the  region  of  sulfuric  acid  concentrations 
of  65-70%,  together  with  the  maximum  rate 
of  hydrolysis  of  sulfonic  acids,  an  increase  is 
observed  in  the  solubility  of  sulfonic  acids, 
which  is  connected  with  the  formation  of  the 
ion  ArSOsHj  [21].  In  our  opinion  this  con¬ 
firms  the  point  of  view  of  Spryskov  [22] 
on  the  mechanism  of  sulfonic  acid  hydrolysis, 
according  to  which  the  first  stage  of  the  hydrol¬ 
ysis  reaction  is  the  addition  of  a  hydrox- 
onium  ion  to  the  sulfonic  acid  molecule: 

ArSOgll  -f  II3O+  (ArSOall _ 1130)+. 
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In  the  second  stage,  the  -SO3H  group  Is  eliminated  from  the  intermediate  complex  by  the  reaction 
(ArSOjII - HsO)^  -f  HSO4-  ^  Aril  +  2H2SO4. 

Both  stages  of  the  reaction  are  accelerated  by  an  increase  in  the  mineral  acid  concentration. 

The  decrease  in  the  hydrolysis  rate  with  an  increase  in  sulfuric  acid  concentration  from  70  to  75%  and 
above  is  explained  by  the  reverse  reaction  of  xylene  sulfonation,  which  occurs  under  these  conditions  [24]. 

SUMMA  RY 

1.  By  studying  the  hydrolysis  kinetics  of  sulfonic  acids  of  xylene  isomers  and  ethylbenzene  in  the  presence 
of  sulfuric  acid  at  various  concentrations,  it  was  shown  that  the  hydrolysis  rates  of  sulfonic  acids  of  m-  and  p- 
xylenes  and  ethylbenzene  have  maxima  in  the  sulfuric  concentration  range  of  65-70%,  while  the  hydrolysis  rate 
of  o-xylenesulfonic  acid  is  maximum  at  a  sulfuric  acid  concentration  of  about  60%. 

2.  The  hydrolysis  rate  of  the  sulfonic  acids  decreases  in  the  following  order:  m-xylenesulfonic  acid  > 

>  p-xylenesulfonic  acid  >  ethylbenzenesulfonlc  acid  ^  o-xylenesulfonic  acid. 
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LIQUID-PHASE  HYDRATION  OF  ISOBUTYLENE 
IN  THE  PRESENCE  OF  SULFURIC  ACID 

V.  V.  Pigulevskli  and  A.  L.  loanesova 
Leningrad  Institute  of  Motion  Picture  Engineers 


In  recent  time  there  has  been  extensive  development  of  the  synthesis  of  a  number  of  alcohols  from  ap¬ 
propriate  gaseous,  unsaturated  hydrocarbons  (C2H4,  CsHg,  n-C4Hg,  and  iso-C4Hg),  present  in  the  gases  from  the 
cracking  and  pyrolysis  of  petroleum,  by  reacting  them  with  sulfuric  acid  in  the  gas  or  the  liquid  phase  and 
subsequently  hydrolyzing  the  reaction  product  with  water. 

The  purpose  of  the  present  work  was  to  investigate  the  reaction  of  liquefied  isobutylene  with  sulfuric  acid 
at  various  concentrations  (from  41  to  61%)  and  determine  whether  direct  hydration  occurs  in  this  stage. 

Butlerov  [1]  showed  that  liquefied  isobutylene  is  gradually  hydrated  in  the  presence  of  dilute  sulfuric  acid 
to  form  tertiary  isobutyl  alcohol. 

According  to  contemporary  ideas  [2],  in  the  hydration  of  unsaturated  hydrocarbons  in  the  presence  of 
dilute  acid,  there  is  first  the  addition  of  a  proton  to  the  molecule  hydrated  to  form  a  carbonium  ion  (R'*’), 
which  is  then  hydrated: 


-C— C-  +  II3O+ 


-f  IhO 


— C-C— -h  H2O, 

I  I 

H 

1::  ROII2+. 


Subsequent  reaction  of  the  hydrated  carbonium  ion  with  a  second  water  molecule  forms  an  alcohol  mole¬ 
cule  and  an  oxonium  ion: 


HOII2+  +  H2O  ROfI  -1-  HaO-'- 


The  reaction  of  isobutylene  with  more  concentrated  sulfuric  acid  forms  isobutylsulfuric  acid  and  hydrol¬ 
ysis  of  this  yields  tertiary  isobutyl  alcohol: 


C^Hg-f-  H2SO4  :;:±  C4H0OSO2OH, 
C4Hi,0S020II  -t-  1120  :;;±  C4H9OH  -j-  II2O. 


In  the  reaction  of  isobutylene  with  very  dilute  sulfuric  acid,  the  hydrocarbon  is  hydrated  directly  to  form 
tertiary  isobutyl  alcohol  and  with  more  concentrated  acid  it  forms  isobutylsulfuric  acid.  When  sulfuric  acid  of 
average  concentration  is  used,  there  is  apparently  the  parallel  formation  of  isobutylsulfuric  acid  and  the  direct 
hydration  of  isobutylene.  As  one  of  us  previously  found  [3],  even  with  40%  sulfuric  acid  there  is  some  direct 
hydration  of  isobutylene,  while  with  6.S%  acid,  isobutylsulfuric  acid  is  formed  [4]. 
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TABLE  1 

Density  (d^***)  and  Specific  Electrical  Conductivity  (k  )  of  Reaction  Products 


Original  sulfuric  acid  concentration 


41.27®/, 

51.39®/, 

61.25®/, 

C4H8  ab¬ 
sorbed  , 
^/m  of 
H1SO4) 

.20 

®4 

X  •  10*  , 

2-'  •cm'* 

C4H8  ab¬ 
sorbed 
^/m  of 
H2SO4) 

w20 

**4 

X  .  10*  , 

2-'  •  cm"* 

C4H8  ).abt 
sorbed 
)n/m  of 
H2SO4) 

rf20 

•*4 

X  .  10* 

«-'  •  cm" 

0.0 

1.314 

66.0 

0.0 

1.408 

51.9 

0.0 

1.511 

34.0 

O.GO 

1.205 

27.9 

0.67 

1.246 

15.7 

0.24 

1.404 

17.4 

l.(M) 

1.148 

16.6 

1.01 

1.179 

— 

0.46 

1.343 

_ 

1.20 

1.127 

12.8 

1.25 

1.137 

6.1 

0.60 

1.303 

7.3 

2.25 

1.039 

2.2 

1.65 

1.099 

3.2 

0.65 

1.291 

6.3 

4.10 

0.965 

0.9 

2.13 

1.042 

1.3 

(0.83) 

1.232 

4.4 

5.58 

0.919 

— 

(3.1) 

0.984 

0.3 

1.07 

1.215 

2.7 

5.6 

0.913 

0.5 

4.33 

0.937 

0.1 

1.11 

1.199 

_ 

5.90 

0.910 

0.3 

4.62 

0.917 

— 

2.09 

1.090 

0.4 

6.70 

0.904 

0.3 

— 

— 

— 

3.59 

0.988 

0.1 

6.80 

0.899 

— 

— 

— 

— 

4.26 

0.974 

_ 

7.40 

0.877 

0.1 

— 

— 

— 

4.35 

0.969 

0.1 

4.51 

0.964 

0.04 

Consequently,  among  the  reaction  products  of  liquefied  isobutylene  and  sulfuric  acid  at  different  concen¬ 
trations,  one  might  expect  the  presence  of  both  isobutylsulfuric  acid  and  also  tertiary  isobutyl  alcohol.  The 
reaction  products  may  also  contain  a  certain  amount  of  isobutylene  polymers,  especially  with  more  concentrated 
acid  (G^-lOofo).  The  formation  of  the  neutral  ester  diisobutyl  sulfate  by  the  addition  of  two  molecules  of  isobutyl¬ 
ene  to  sulfuric  acid  is  improbable,  so  that  this  process  is  excluded. 

The  complex  composition  of  the  reaction  products  should  have  a  considerable  effect  on  its  density  and 
electrical  conductivity.  Isobutylsulfuric  acid  is  an  ester  of  sulfuric  acid  which  dissociates  comparatively  little 
and  should  therefore  have  a  lower  electrical  conductivity  than  the  original  acid.  The  formation  of  the  tertiary 
alcohol  should  lower  the  electrical  conductivity  of  the  reaction  product  even  more.  Therefore,  the  main 
investigation  methods  used  in  the  present  work  were  determination  of  the  density  and  electrical  conductivity 
of  the  reaction  products.  • 


EXPERIMENTAL 

Working  procedure.  For  the  work  we  used  isobutylene  obtained  by  dehydration  of  pure  tertiary  isobutyl 
alcohol  (m.p.  25“)  over  sulfuric  acid  [3]. 

Experiments  on  the  absorption  of  isobutylene  by  sulfuric  acid  were  carried  out  in  thick -walled  tubes,  which 
were  first  charged  with  sulfuric  acid  (I-.*!  ml)  with  the  concentrations  41.27,  51.39,  and  61.25%  and  then  cooled 
in  solid  carbon  dioxide  and  a  calculated  amount  of  liquid  isobutylene  added.  The  sealed  tubes  were  shaken  at 
room  temperature  for  2  to  5  hours  until  the  isobutylene  dissolved  completely  and  a  homogeneous  solution  was 
formed. 

At  the  end  of  the  reaction,  the  unreacted,  dissolved  isobutylene  was  evaporated, and  then  the  density  and 
electrical  conductivity  of  the  reaction  product  determined. 

In  the  absence  of  traces  of  polymerization,  the  degree  of  saturation  of  the  sulfuric  acid  by  isobutylene 
was  determined  by  the  increase  in  weight  of  the  acid  and  by  titration  of  the  water -diluted  reaction  product 
with  0.1  N  aqueous  alkali  solution.  In  addition,  the  degree  of  saturation  of  the  acid  was  determined  by  distil¬ 
lation  of  aqueous  alcohol  from  the  water -diluted  (1 ;  2  by  volume)  reaction  product.  The  amount  of  alcohol 
formed  was  determined  from  the  density  of  the  alcohol  distillate  [5]. 


•V.  M.  Trofimov  participated  In  the  work. 
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The  electrical  conductivity  of  the  starting  sulfuric  acid  and  the  reaction  product  was  determined  by  the 
usual  method  with  a  compensation  bridge  circuit  [6].  The  bridge  was  fed  from  a  sonic  frequency  (~1500  cps) 
transitron  value  generator  at  a  potential  of  3  v.  The  determination  was  made  in  a  glass  tube  (internal  diameter 
l.fi  cm),  in  which  were  fixed  a  pair  of  platinized  platinum  electrodes,  made  from  wire  0.5  mm  in  diameter  and 
1.5  cm  long  and  sealed  into  a  narrow  glass  tube  (5-6  mm  in  diameter).  The  distance  between  the  electrodes 
was  10  and  14  cm,  depending  on  the  electrical  conductivity  of  the  reaction  product. 

Electrical  Conductivity  of  the  Reaction  Product 

Investigation  showed  that  the  specific  electrical  conductivity  of  the  reaction  product  decreased  sharply 
as  Isobutylene  was  absorbed  (Table  1,  Fig.  1).  The  reaction  products  from  41. 27*70  acid  had  a  higher  electrical 
conductivity  than  those  from  51.39  and  61.25*7)  acid.  No  breaks  or  inflections  were  observed  on  the  curves  char¬ 
acterizing  the  specific  electrical  conductivity,  indicating  that  the  process  was  of  a  similar  nature  during  its 
whole  course. 

It  should  be  noted  that  at  all  the  sulfuric  acid  concentrations  studied,  there  was  a  considerable  degree  of 
reaction,  corresponding  to  the  absorption  of  more  than  one  mole  of  isobutylene  per  mole  of  acid.  This  indicates 
the  presence  of  direct  hydration  and  not  only  in  the  case  of  41.27*7,  sulfuric  acid,  which  we  reported  previously 
[3],  but  also  when  more  concentrated  acid  was  used  (61.25*70. 

Density  of  Reaction  Products 

It  was  found  (Table  1,  Figs.  2-4,  curves  2)  that  the  density  of  the  reaction  products,  like  the  electrical 
conductivity,  fell  uniformly  with  the  extent  of  the  process.  This  indicates  a  certain  uniformity  of  the  process 
during  its  whole  course. 

From  the  data  obtained  on  the  density  it  was 
possible  to  calculate  the  volume  of  the  reaction  prod¬ 
ucts  and  compare  it  with  the  original  volume  of  sulfuric 
acid.  As  the  acid  was  saturated  with  isobutylene,  the 
volume  of  the  reaction  products  increased  to  a  consider¬ 
able  extent.  The  volume  of  the  reaction  products 
relative  to  the  volume  of  the  initial  acid  was  directly 
proportional  to  the  amount  of  isobutylene  absorbed 
(Fig.  5)  and  the  more  concentrated  the  starting  sulfuric 
acid,  the  stronger  was  the  increase  in  the  volume  of 
the  reaction  products.  It  should  be  remembered  that 
the  composition  of  the  reaction  products  changed  quite 
strongly  with  the  depth  of  the  process.  Thus,  in  the 
initial  stage  of  the  reaction, when  less  than  one  mole 
of  isobutylene  was  absorbed  per  mole  of  sulfuric  acid, 
isobutylsulfuric  acid  was  formed  and  with  a  higher  degree 
of  saturation  of  the  sulfuric  acid  there  was  also  direct 
hydration  of  the  isobutylene.  Consequently,  in  this  stage 
there  was  present  not  only  isobutylsulfuric  acid  and  pos¬ 
sibly  free  sulfuric  acid,  but  also  tertiary  isobutyl  alcohol, 
the  amount  of  which  must  have  gradually  increased.  Due 
to  the  latter  direction  of  the  reaction,  the  amount  of  free 
water  present  in  the  system  must  have  gradually  decreased 
as  water  is  consumed  in  the  hydration  of  isobutylene.  The 
fact  that  with  a  considerable  change  in  the  composition 
of  the  reaction  products,  the  dependence  of  their  volume 
relative  to  one  volume  of  original  acid  was  expressed  by  a  straight  line  indicates  that  the  process  was  definitely 
uniform  in  all  of  its  stages. 


A 


Fig.  1.  Relation  of  specific  electrical  conduct¬ 
ivity  K  •  10*  (0'^  cm"^)  of  the  reaction  prod¬ 

ucts  (A)  to  the  amount  of  isobutylene  absorbed 
by  one  mole  of  sulfuric  acid  (B).  Reaction  prod¬ 
ucts  obtained  with  the  following  sulfuric  acid 
concentrations  (in  *7,):  1)  61.25,  2)  51.39,  3) 
41.27. 
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Fig.  2.  Relation  of  the  density  of  the  reaction 
product  (d/°),  obtained  with  41. 27%  sulfuric 
acid,  (A)  to  the  number  of  moles  of  isobutylene 
absorbed  per  mole  of  acid  (B).  1)  Calculated 
by  the  rule  of  additivity;  2)  experimental  data. 


A 


Fig.  3.  Relation  of  the  density  of  the  reaction 
product  (d4*®),  obtained  with  51.39%  sulfuric 
acid,  (A)  to  the  number  of  moles  of  isobutylene 
absorbed  per  mole  of  acid  (B).  1)  Calculated 
by  the  rule  of  additivity;  2)  experimental  data. 


A 


Fig.  4.  Relation  of  the  density  of  the  reaction 
product  (d^^®),  obtained  with  61.25%  sulfuric 
acid,  (A)  to  the  number  of  moles  of  isobutylene 
absorbed  per  mole  of  acid  (B).  1)  Calculated 
by  the  rule  of  additivity;  2)  experimental  data. 


Fig.  5.  Relation  of  the  relative  volume  (in  ml) 
of  the  reaction  products  (A)  to  the  number  of 
moles  of  isobutylene  absorbed  p)er  mole  of  acid 
(B).  Volume  of  reaction  products  obtained  with 
acid  of  the  following  concentrations  (in  %):  1) 
original  acid;  2)  41.27,  3)  51.39,  4)  61.25. 


We  can  assume  that  the  volumes  of  the  reaction  products  obeyed  the  law  of  additivity.  Therefore,  it 
seemed  interesting  tg  calculate  on  the  basis  of  data  on  the  change  in  density  of  the  reaction  products  (Table  1, 
Figs.  2-4)  and  the  increase  in  their  volume  with  the  extent  of  saturation  (Fig.  5)  the  true  density  of  the  product 
actually  formed,  present  in  a  mixture  with  free  sulfuric  acid  when  up  to  one  mole  of  isobutylene  was  absorbed 
per  mole  of  acid  in  solution,  and  in  a  mixture  with  isobutylsulfuric  acid  and  tertiary  isobutyl  alcohol  at  a  higher 
degree  of  saturation. 

It  was  assumed  that  the  original  sulfuric  acid  and  the  isobutylsulfuric  acid  obtained  were  hydrated  to 
the  same  extent  and  that  the  tertiary  alcohol  formed  probably  solvated  the  isobutylsulfuric  acid.  Thus,  it  was 
assumed  that  for  a  degree  of  reaction  up  to  1 : 1  (moles),  the  isobutylene  reacted  with  sulfuric  acid  to  form  either 
isobutylsulfuric  acid  alone  or  some  of  the  latter  and  the  tertiary  alcohol,  which  remained  in  the  solvation  enve¬ 
lope  of  the  isobutylsulfuric  acid  or  the  sulfuric  acid.  The  same  assumption  was  also  made  for  cases  with  a  higher 
degree  of  saturation,  considering  that  isobutylene  was  added  to  the  hydrated  isobutylsulfuric  acid  formed  in  the 
previous  stage  to  form  the  tertiary  alcohol,  which  remained  In  the  solvation  envelope  of  the  isobutylsulfuric  acid. 
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TABLE  2 


Calculation  of  the  Density  of  the  Reaction  Products 


Extent  of  reaction,  C4H8 :  H2SO4  (moles) 

0.4  :  1 

1.4  :  1 

Relative  volume  from  Fig.  5  (in  ml) 

1.17 

1.59 

Initial  volume  in  given  section  (in  ml): 

at  0  :  1  mole 

1.00 

- 

at  1  :  1  mole 

- 

1.42 

Increase  in  volume  (in  ml)  v^ 

0.17 

0.17 

Total  moles  reacted  in  same  section  (0.0055  '  0.4) 

0.0022 

0.0022 

Isobutylene  reacted  x  56  =  p^g 

0.1240 

0.1240 

Hydrated  acid  reacted  x  237.5  =  p2g 

0.526 

- 

Hydrated  isobutylsulfuric  acid  reacted  x  293.5  =  p5g 

- 

0.650 

Volume  of  acid  reacting  :  1.314  =  V2  ml 

0.400 

- 

Volume  of  isobutylsulfuric  acid  reacting  :  1.148  =  V3  ml 

- 

0.567 

Characteristics  of  reaction  product  formed  in  solution: 
Volume  V  (In  ml): 

V,  +  V2 

0.570 

- 

V1  +  V3 

- 

0.737 

Weight  P  (in  g): 

Pi  +  Pz 

0.650 

- 

Pi  +  Ps 

— 

0.774 

Density: 

calculated  (d  =  P/V) 

1.140 

1.050 

( at  1  :  1  (moles) 

1.148 

found  j  2  ;  1  (moles) 

- 

1.058 

We  think  it  necessary  to  present  the  method  of  calculating  the  density  of  the  reaction  product  formed, 
present  in  solution. 

The  calculation  was  based  on  the  fact  that  the  reaction  products  obtained— a  mixture  of  isobutylsulfuric 
acid  and  tertiary  alcohol  and,  in  the  earlier  stages,  unreacted  sulfuric  acid  also— has  a  larger  volume  than  the 
original  acid.  The  increase  in  volume  is  wholly  due  to  the  reaction  product  formed,  namely,  isobutylsulfuric 
acid,  hydrated  or  partially  solvated  with  the  tertiary  alcohol.  This  makes  it  possible  to  calculate  the  volume 
of  the  reaction  product  formed  and,  knowing  the  amount  of  isobutylene  that  reacted  and  consequently,  the 
weight  of  the  product  obtained,  we  can  calculate  its  density. 

We  give  an  example  of  the  calculation  for  the  reaction  products  obtained  from  41.27«/o  sulfuric  acid  (1  ml) 
at  the  degrees  of  saturation  0.4  ;  1  (moles)  and  1.4  :  1  (moles). 

1  ml  of  sulfuric  acid  of  the  given  concentration  (d/®  =  1.314)  contains  0.0055  mole  of  acid. 

The  average  molecular  weight  of  hydrated  sulfuric  acid,  which  consists  of  a  mixture  of  hydrates  (H2S04* 

•  7.75  HjO)  is  237.5. 

The  average  molecular  weight  of  isobutylsulfuric  acid  hydrated  to  the  same  degree  (C4H9OSO2OH  •  7  75H2O, 
d/®  1.148)  is  293.5  (Table  2). 

The  calculation  presented  shows  that  in  all  cases  in  the  interaction  of  isobutylene  first  with  sulfuric  acid 
and  then  with  the  reaction  product,  obtained  in  the  previous  stage,  the  density  of  the  actual  product  formed  is 
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TABLE  3 


Amount  of  Water  Reacting  During  the  Process 


Initial  sulfuric  acid 

C4Hg  absorbed 

Water  reacting 

concentration 
(in  %) 

average  composition 
of  hydrate 

(in  moles  per 
mole  of  acid) 

in  moles  per 
mole  of  acid 

In  % 

41.27 

H2SO4  -7.7.5  HjO 

! 

7.40 

6.40 

83 

.51.39 

HjSO^  •  .5.1,5  HjO 

4.62 

3.62 

70 

61.2.5 

H2SO4  •  3.4.5  HjO  , 

4.51 

3.. 51 

~101 

considerably  below  that  of  the  reaction  product  as  a  whole  (Figs.  2-4,  curves  1).  The  calculated  value  of  the 
density  remained  at  one  level  and  equaled  the  density  of  the  reaction  product  observed  when  a  mole  of  sulfuric 
acid  absorbed  whole  numbers  of  moles  of  Isobutylene. 

This  confirms  the  accuracy  of  the  density  calculation. 

DISCUSSION  OF  RESULTS 

The  stepwise  character  of  the  curves  (Figs.  2-4,  curves  1)  constructed  from  calculated  data  on  the 
density  of  the  actual  reaction  product  formed  Indicates  that  the  densities  of  mixtures  of  these  products  obey  the 
law  of  additivity. 

Hence  we  may  draw  the  conclusion  that  sulfuric  and  isobutylsulfurlc  acids  are  hydrated  to  the  same 
degree  and  that  the  concentration  of  sulfuric  acid  itself  and  the  extent  of  the  process  do  not  change  but  remain 
constant.  Apparently,  the  same  situation  also  occurs  in  other  cases  of  the  interaction  of  unsaturated  hydrocarbons 
(CjHit  C3HJ,  n-C4H8,  etc.)  with  sulfuric  acid  to  form  the  corresponding  alkylsulfuric  acids,  so  that  the  free  sulfuric 
acid  concentration  remains  unchanged  during  the  whole  time  of  the  reaction. 

This  agrees  with  the  hypothesis  of  Dalin,  Rashal’,  and  Kasparov  [7]  that  in  the  sulfuric  acid  hydration  of 
ethylene  the  unreacted  sulfuric  acid  remains  at  the  same  concentration. 

The  uniformity  of  the  reaction  of  isobutylene  with  sulfuric  acid  in  all  of  its  stages  with  various  amounts 
of  free  tertiary  alcohol  present  in  the  reaction  products  together  with  Isobutylsulfurlc  acid,  indicates  that  the 
isobutylsulfurlc  acid  Is  probably  gradually  solvated  by  molecules  of  the  alcohol  formed. 

The  alcohol  formed  remains  in  the  solvation  envelope  of  the  Isobutylsulfurlc  acid,  but  the  possibility 
of  solvation  of  free  sulfuric  acid  also  cannot  be  excluded.  Recalculation  of  the  data  in  Table  1  for  the  maximum 
extent  of  the  action  shows  that  the  greater  part  of  the  water  present  in  the  system  is  consumed  in  the  hydration 
of  isobutylene  (Table  3). 

Attention  is  attracted  by  the  high  degree  to  which  water  present  in  the  system  is  used  in  the  hydration 
of  isobutylene  and  this  reaches  lOO^o  when  61.25<yo  acid  is  used.  The  higher  percent  use  of  water,  exceeding  the 
theoretical  (~10l<yo),  is  explained  by  experimental  error  and  not  by  the  formation  of  diisobutyl  sulfate,  which 
is  improbable. 

The  data  obtained  show  that  in  this  case  free  water  is  completely  absent  and  tertiary  Isobutyl  alcohol 
must  be  formed  by  replacement  of  this  in  the  solvation  envelope  of  isobutylsulfurlc  acid. 

On  the  basis  of  the  investigation,  we  propose  the  following  scheme  for  the  reaction  of  isobutylene  with 
hydrated  sulfuric  acid,  which  may  be  extended  to  analogous  reactions  with  other  gaseous  unsaturated  hydrocarbons; 

iso  Cillfl-j-  H2SO4  •  /1H2O  C4Ha0S020Il  •  nH20, 
iso  QHg-f  C4II0OSO2OH  .  /1H2O  G4llj,0S020H  •  C4H9OII  •(/»-!)  HjO, 
iso  -C4H8  -f  C4H0OSO2OII  .  G4II9OH  •  (/»  -  i)  H2O 
G4noOS020H  .  2G4H9OII  •  (n  — 2)  HjO  etc. 
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Thus,  the  formation  of  both  the  alkylsulfurlc  acid  and  of  the  corresponding  alcohol  is  explained  by  the 
one  process  of  addition  of  the  unsaturated  hydrocarbon  to  the  sulfuric  acid  hydration  complex,  whereby  the 
formation  of  the  alcohol  apparently  proceeds  through  the  stage  of  a  carbonium  ion  [2],  though  another  mechan¬ 
ism  is  also  possible  [8,  9]. 

SUMMARY 

1.  By  an  investigation  of  the  electrical  conductivity  and  density  of  the  reaction  product  obtained  by 
interaction  of  liquified  isobutylene  with  sulfuric  acid  at  concentrations  from  41  to  61<7o.  it  was  shown  that  direct 
hydration  of  Isobutylene  occurs  and  that  the  process  is  uniform  throughout  its  whole  course. 

2.  It  was  found  that  in  the  case  of  61.25%  sulfuric  acid,  all  of  the  water  present  in  the  system  may  be  used 
entirely  in  the  hydration  of  isobutylene. 

3.  The  hypothesis  is  put  forward  that  sulfuric  and  isobutylsulfuric  acids  are  hydrated  to  the  same  degree 
and  that  the  concentration  of  free  sulfuric  acid  remains  constant  during  the  reaction. 

4.  The  tertiary  isobutyl  alcohol  formed  In  the  given  process  remains  in  the  solvation  envelope  of  the 
isobutylsulfuric  acid. 

5.  It  was  noted  that  the  formation  of  alkylsulfurlc  acid  and  the  corresponding  free  alcohol  by  reaction 
of  an  unsaturated  hydrocarbon  with  sulfuric  acid  may  be  explained  by  a  single  process  of  addition  of  the  un¬ 
saturated  hydrocarbon  to  the  sulfuric  acid  hydration  complex. 
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PREPARATION  OF  TEREPHTHALIC  ACID 

THROUGH  p.p’ -DIALKY.L  DERIVATIVES  OF  DI PHEN  Y  LET  HA  N  E 

A.  E.  Kretov,  N.  F.  Silin,  A.  M.  Kozhushko,  and  G.  B.  Lokshin 


In  connection  with  the  development  of  the  production  of  the  synthetic  fiber  "Laysan*,  mentioned  in  the 
Seven-Year  Plan,  the  synthesis  of  terephthalic  acid  and  Its  dimethyl  ester  has  acquired  particular  Importance, 

Most  of  the  methods  described  in  the  literature  [1-5]  for  the  preparation  of  terephthalic  acid  are  based  on 
the  oxidation  of  p -xylene  with  various  oxidizing  agents.  The  high  cost  and  low  accessibility  of  this  in  compari¬ 
son  with  some  other  homologs  of  benzene  shirply  decrease  the  commercial  value  of  these  processes.  Therefore, 
we  attempted  to  prepare  terephthalic  acid  from  cheaper  and  readily  accessible  coal-tar  chemical  raw  material 
through  the  synthesis  of  p.p’ -dialkyl  derivatives  of  diphenylethane  with  their  subsequent  destructive  oxidation  to 
terephthalic  acid. 

The  p,p’-dlalkyl  derivatives  of  diphenylethane  were  synthesized  by  condensation  of  symmetrical  dlchlo- 
roethane  with  monosubstituted  homologs  of  benzene,  namely,  toluene  and  cumene,  in  the  presence  of  aluminum 
chloride  by  the  Friedel-Crafts  reaction. 

In  the  condensation  of  dichloroethane  with  toluene  one  would  expect  the  formation  of  a  considerable 
amount  of  the  para  derivative  together  with  a  certain  amount  of  the  ortho  isomer,  while  in  analogy  with  other 
processes  of  substitution  in  the  aromatic  nuclem,  one  would  expect  the  condensation  of  dichloroethane  with 
cumene  to  give  almost  exclusively  p.p’-dlalkyl  derivatives  of  diphenylethane. 

The  condensations  of  dichloroethane  with  toluene  and  cumene  proceed  according  to  the  equations: 


2H,G— < 


Airi, 


HaC— / 


CHj— CH2-< 


H3C-<^  ^-CH2-CH2-<(  )> 


-CH, 


cuy 


/  ^-CH2-CH2-^ 


cuy 


ch/ 


H3(\ 

^  ^-CH2-CH2-<( 


-CHs 


In  the  condensation  it  was  necessary  to  consider  the  possibility  of  the  formation  of  high-molecular  com¬ 
pounds  by  Interaction  of  the  unreacted  dichloroethane  with  the  Isomeric  ditolylethanes  formed  by  the  main 
reactions,  which  is  very  undesirable  from  the  point  of  view  of  the  subsequent  preparation  of  terephthalic  acid. 
Therefore,  in  all  our  experiments  we  used  100%  excess  of  toluene  over  the  calculated  amount.  The  unreacted 
toluene  was  used  in  subsequent  experiments. 
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Determination  of  the  duration  of  the  process 
(from  the  rate  of  evolution  of  HCl).  A) 
Amount  of  1  N  NaOH  solution  (in  ml);  B) 
time  (in  min).  20  ml  =(l/fi)V3|j5. 


In  choosing  temperature  conditions  for  the  reac¬ 
tion,  we  started  from  the  consideration  that  at  an  elevated 
temperature  the  Friedel -Crafts  reaction  becomes  appreci¬ 
ably  reversible  and  as  a  result  unsubstituted  compounds, 
in  particular  p,m’-,  o,m*-,  and  even  m,m*-ditolylethane, 
may  accumulate  in  the  system.  Therefore,  the  tempera¬ 
ture  in  different  experiments  varied  over  the  range  40-80*. 
The  duration  of  the  process  was  determined  by  the  rate 
of  evolution  of  hydrogen  chloride  (figure).  As  a  result 
of  the  experiments,  we  raised  the  yield  of  Isomeric  dito- 
lylethanes  to  SOo/o  and  the  average  yield  of  dicumylethane 
was  90<yo  of  the  dichloroethane  taken. 

To  determine  the  possibility  of  using  ditolyl-  and 
dicumylethanes  for  the  preparation  of  terephthalic  acid 
by  destructive  oxidation,  we  studied  the  oxidation  with 
chromic  mixture  under  various  conditions.  Experiments 
on  the  oxidation  of  ditolyl-  and  dicumylethanes  under 
optimal  conditions  made  it  pdssible  to  obtain  dicarboxylic 
acids  in  yield  from  ditolylethanes  and  20<yo  yield 

from  dicumylethane. 


The  oxidation  products  of  ditolyl-  and  dicumyl¬ 
ethanes  were  identified  by  two  methods:  acidimetric 

titration  and  esterification  of  the  dicarboxylic  acids  obtained  with  subsequent  determination  of  the  melting  point. 
The  dimethyl  esters  of  the  dicarboxylic  acids  were  prepared  by  the  action  of  a  large  excess  of  methanol  in  the 
presence  of  concentrated  sulfuric  acid.  After  two  recrystallizations  from  methanol,  the  dimethyl  ester  obtained 
had  a  melting  point  of  140*  and  a  mixed  melting  point  with  pure  dimethyl  terephthalate  was  not  depressed. 


When  the  oxidation  product  of  ditolylethanes  was  purified  by  washing  with  water  (at  50*)  and  alcohol  to 
remove  isomeric  impurities,  on  esterification  it  immediately  gave  an  ester  with  m.p.  138.5-139.0"  and  acidi¬ 
metric  titration  of  it  gave  1.99-2.01  equivalents  of  acid. 

Esterification  of  the  unpurified  oxidation  product  of  dicumylethane  after  direct  cooling  of  the  reaction 
mass  yielded  an  ester  with  m.p.  139.5-140*.  A  mixed  melting  point  with  reagent  dimethyl  terephthalate  was 
not  depressed. 

EXPERIMENTAL* 


Condensation  of  dichloroethane  with  toluene.  Into  a  400-ml,  round -bottomed,  two-necked  flask,  fitted 
with  a  bulb  condenser  and  a  heeled  stirrer  and  immersed  in  a  water  bath,  were  placed  13.5  g  (0.1  mole)  of  Aids, 
39.4  (0.5  mole)  of  dichloroethane,  and  212  ml  (2  moles)  of  toluene.  The  heater  and  stirrer  were  switched  on 
simultaneously.  During  the  first  hour  the  temperature  was  raised  to  60*,  in  the  second,  from  60  to  75",  and  then 
kept  at  75-80*  for  one  hour.  The  condensation  product  obtained,  a  brownish  liquid,  was  poured  into  200  ml  of 
water  in  a  beaker  and  then  separated  from  the  slimy  water  in  a  separating  funnel. 

The  slimy  water  was  extracted  twice  with  fresh  toluene  (25  ml  portions).  The  toluene  extract  was  added 
to  the  main  product.  The  condensation  product  was  washed  once  with  water,  once  with  hydrochloric  acid  (1: 1), 
again  with  water,  with  4^o  soda  solution,  and  again  with  water  and  then  distilled  to  remove  residual  moisture  and 
unreacted  toluene.  Distillate  was  collected  up  to  130".  We  obtained  163  ml  (137  g)  of  distillate.  After  distilla¬ 
tion  the  product  was  a  red-brown  liquid  which  crystallized  on  standing.  The  yield  was  85  g  (0.4  mole)  of  ditolyl- 
ethane,  representing  90<yo  on  the  toluene  reacting. 

The  same  method  was  used  for  the  reaction  with  cumene. 

The  results  of  experiments  with  a  dichloroethane  to  toluene  and  cumene  ratio  of  1:4  and  a  gradual  in¬ 
crease  in  temperature  are  given  in  Table  1. 

•The  following  students  from  the  Pharmaceutical  Faculty  of  the  Dnepropetrovsk  Medical  Institute  participated 
in  the  experimental  work:  D.  S.  Glukhova,  N.  V.  Lysenkov,  Z.  S.  Rudneva,  O.  V.  Fomenko,  and  A.  I.  Ivanitskii. 
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TABLE  1 


A  1C  I3  taken 
(mole/ mole 

of  DCE) 

Temp,  of 
last  hr  of 
condensa¬ 
tion  (*C) 

Duration  of 
reaction 
(in  hrs) 

Yield  of 
ditolylethane 

(in  ojo  of 
theoretical) 

0.38 

60-65 

6.0 

71.6 

0.20 

60-75 

6.0 

70.0 

0.20 

70—75 

6.0 

73.7 

0.38 

70—75 

4.0 

73.7 

0.20 

70-75 

4.0 

71.2 

0.20 

70-75 

4.0 

72.0 

0.20 

70—75 

3.0 

79.0 

0.20 

70—75 

3.0 

81.0 

o./»o 

85—87 

5.0 

84.0 

0.40 

75—80 

6.0 

92.0 

0.40 

80—85 

6.0 

!K).0 

0  40 

80—85 

5.0 

91.0 

The  optimal  temperature  conditions  consisted  of  a  gradual  rise  in  temperature  to  75*  over  a  period  of  two 
hours  and  maintenance  at  75-80*  for  an  hour.  Under  these  conditions  the  yield  of  Isomeric  ditolylethanes  reached 
an  average  of  80<yo  (on  the  dichloroethane  taken). 

The  condensation  of  dichloroethane  with  cumene  over  a  period  of  6  hours  and  at  a  maximum  temperature 
of  80-85*  gave  an  average  yield  of  dicumylethane  of  90<yo  (on  that  taken). 

Oxidation  of  Ditolylethanes  to  Dicarboxylic  Acids  with  Chromic  Mixture 

Into  a  1 -liter  porcelain  beaker  fitted  with  a  stirrer  and  thermometer  and  immersed  in  a  water  bath  were 
loaded  21  g  (0.1  mole)  of  ditolylethane  and  160  ml  of  50<yo  sulfuric  acid,  after  which  the  stirrer  and  heater  were 
switched  on.  Over  a  period  of  35  minutes  32.8  g  (0.14  mole)  of  finely  ground  K2Cr207  was  added  in  small  por¬ 
tions.  Ihe  temperature  of  the  reaction  mixture  was  kept  within  the  range  60-65*.  Additions  were  made  in  four 
stages  and  each  time  38  ml  of  SOojo  sulfuric  acid  and  32.8  g  of  K2Cr207  were  added.  The  time  for  each  addition 
at  60-65*  was  10  minutes.  After  the  additions  the  reaction  mixture  was  kept  at  70-80*  for  40  minutes,  at  80-90* 
for  40  minutes  and  finally  it  was  boiled  gently  for  1.5  hours. 

The  reaction  mixture  was  poured  into  400  ml  of  cold  water,  heated  to  90-95*  with  stirring,  cooled  and 
filtered  on  a  Buchner  funnel.  The  gray -green  precipitate  was  washed  with  hot  water  to  remove  chromium  salts 
and  dissolved  in  a  hot  solution  of  sodium  carbonate  so  that  there  was  a  clear  reaction  to  Brilliant  Yellow  paper. 
The  suspension  obtained  was  filtered  and  the  filtrate  heated  to  70-80*  and  acidified  to  Congo  with  hydrochloric 
acid  (1  ;  1).  The  dicarboxylic  acids  obtained  were  collected  by  filtration  and  purified.  For  this  purpose,  20  g 
of  dicarboxylic  acid  paste  and  100  ml  of  water  were  placed  in  a  250-ml  beaker.  The  suspension  was  heated  to 
50-55*  with  stirring,  kept  at  this  temperature  for  50  minutes,  and  filtered.  The  precipitate  was  again  washed 
and  then  stirred  with  50  ml  of  methanol  and  separated  on  a  Buchner  funnel. 

The  results  of  the  oxidation  experiments  are  given  in  Table  2. 

The  highest  yield  of  acids  was  achieved  with  a  30^o  excess  of  bichromate  and  sulfuric  acid  (over  theoret¬ 
ical). 

Preparation  of  dimethyl  terephthalate.  Into  a  round -bottomed  flask  fitted  wdth  a  stirrer  and  reflux  con¬ 
denser  and  immersed  in  a  water  bath  were  placed  4  g  of  the  dicarboxylic  acid  obtained  by  the  method  described 
above,  47.5  g  of  methanol,  and  11.1  g  of  H2SO4  (d  =  1.84). 

The  reaction  mixture  was  boiled  and  stirred  for  5  hours.  The  crystals  of  ester  which  separated  when  the 
mixture  was  cooled  were  collected  and  dried  in  a  vacuum  desiccator  over  concentrated  H2SO4.  We  obtained 
4.4  g  of  dimethyl  ester  with  m.p.  138.5-139.0*.  The  product  was  white  and  scaly  and  did  not  depress  the  melting 
point  of  reagent  dimethyl  terephthalate. 
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TABLE  2 


For  aciditnetric  titration  a  sample  of  0.1643  g  of  dicarboxylic  acids  was  placed  in  a  150-ml  conical  flask 
and  dissolved  in  40  ml  of  0.1  N  NaOH  with  heating  on  a  water  bath.  The  excess  alkali  was  titrated  to  phenol- 
phthalein  with  0.1  N  HJSO4.  The  back  titration  required  21  ml  of  0.1  N  HJSO4.  The  equivalent  acidity  was 
2.02  instead  of  2.00  (according  to  theoretical  calculation). 

SUMMARY 

1.  In  a  study  of  the  condensation  of  dichloroethane  with  toluene  and  cumene  in  the  presence  of  aluminum 
chloride  we  obtained  a  mixture  of  isomeric  ditolylethanes  in  up  to  80<^  yield  on  dichloroethane  and  dicumylethanes 
in  up  to  90<^  yield. 

2.  The  conditions  of  destructive  oxidation  of  ditolyl-  and  dicumylethanes  with  chromic  mixture  were 
studied. 

3.  The  yield  of  dicarboxylic  acids  from  the  destructive  oxidation  of  the  mixture  of  isomeric  ditolylethanes, 
calculated  as  phthalic  acids,  was  60-65%. 

4.  In  the  oxidation  of  dicumylethane  the  yield  of  dicarboxylic  acids,  calculated  as  phthalic  acids,  was 

200/0. 

5.  It  was  established  that  it  was  possible  to  isolate  about  70%  of  terephthalic  acid  from  the  oxidation 
products  of  the  ditolylethanes  and  about  95%  from  the  oxidation  products  of  dicumylethane, 
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PREPARATION  OF  DIBASIC  ACIDS 


FROM  SATURATED  MONOBASIC  FATTY  ACIDS 
BY  OXIDATION  WITH  NITRIC  ACID* 

B.  L.  Moldavskii,  M.  V.  Blinova,  R.  I,  Rudakova,  M.  Sh.  Usmanova, 
and  E.  I.  Rubinshtein 

All-Union  Scientific  Research  Institute  of  Petrochemical  Processes 


Nowadays  dibasic  acids  find  wide  application  in  the  national  economy  in  the  production  of  artificial  fibers, 
alkyd  resins,  plasticizers,  and  ester  lubricants  and  for  other  purposes.  In  the  search  for  cheap  raw  materials  for 
the  production  of  dibasic  acids,  the  possibility  of  using  oxidation  products  of  paraffins  was  studied.  In  the  present 
work  we  present  the  results  of  investigating  the  possibility  of  preparing  aliphatic  dibasic  acids  by  oxidation  of 
saturated  monobasic  acids. 

Most  experimental  work  on  the  oxidation  of  aliphatic  monocarboxylic  acids  was  carried  out  in  the  last 
century  and  was  connected  with  the  study  of  natural  products,  namely,  fats  and  waxes.  All  the  authors  used  nitric 
acid  as  the  oxidant.  They  showed  that  the  oxidation  of  monocarboxylic  acids  yielded  dicarboxylic  acids.  Thus, 
oxidation  of  stearic  acid  yielded  suberic,  adipic,  glutaric,  and  succinic  acids  [1];  a  mixture  of  stearic  and  palmitic 
acids  gave  succinic  and  glutaric  acids  [2];  myristic  acid  gave  all  the  acids  mentioned  above  and  pimelic  acid  [3j. 

Then  for  a  long  time  interest  In  the  oxidation  of  fatty  acids  waned  and  only  increased  again  very  recently 
in  connection  with  the  great  need  for  dicarboxylic  acids  already  mentioned.  Thus,  Euler,  Hasselquist  and  Loov 
[4]  studied  the  oxidation  of  stearic  acid  with  a  mixture  of  nitric  and  sulfuric  acids.  Among  the  dibasic  acids  ob¬ 
tained,  they  were  able  to  identify  brassylic,  sebacic,  azelaic,  suberic,  and  adipic  acids.  The  yield  of  these  acids 
was  low  and  the  balance  was  not  given.  Kobayashi  [5]  heated  capric  acid  with  30o/o  nitric  acid  in  a  sealed  tube 
at  170-17, S".  He  Isolated  succinic,  glutaric,  and  pimelic  acids.  Petrov  and  Grigor’ev  [6]  oxidized  the  acids  ob¬ 
tained  by  oxidation  of  paraffin  with  atmospheric  oxygen.  The  acids  contained  a  large  amount  of  unoxidized 
paraffin.  The  oxidation  was  carried  out  with  nitric  acid  of  sp.g.  1.36  with  heating.  The  authors  obtained  only 
7.4%  of  dicarboxylic  acids  with  an  acid  number  of  880  and  an  average  molecular  weight  of  128. 

There  are  only  a  few  patents  on  the  preparation  of  dicarboxylic  acids  by  oxidation  of  monocarboxylic  acids. 
Thus,  according  to  Raccke  and  Busse  [7],  dicarboxylic  acids  are  obtained  from  monocarboxylic  acids  by  oxidation 
of  the  latter  at  no  higher  than  120“  with  nitric  acid  in  the  presence  of  not  less  than  10%  of  sulfuric  or  phosphoric 
acids.  In  another  patent,  the  same  authors  [8]  recommend  the  oxidation  of  monocarboxylic  acids  with  86%  nitric 
acid  in  the  presence  of  ammonium  vanadate. 

According  to  Koegler  [9],  dicarboxylic  acids  are  obtained  from  monocarboxylic  acids  by  oxidation  of  the 
latter  with  90%  nitric  acid.  Engleri,  Alto,  and  Richards  [10]  oxidized  monocarboxylic  acids  with  10-30%  nitric 
acid  at  100-250*  and  a  pressure  of  3.5-35  atm.  An  example  was  given  in  the  patent  and  according  to  this  the 
oxidation  of  palmitic  acid  gave  a  mixture  of  C4— C14  dibasic  acids. 

We  studied  the  oxidation  of  the  C7— C9  fraction  of  saturated  monobasic  fatty  acids  obtained  by  oxidation 
of  paraffins.  The  nitric  acid  oxidation  was  carried  out  by  two  methods:  boiling  with  nitric  acid  and  treatment 


•Communication  1  of  a  series  of  papers  on  the  preparation  of  dibasic  acids  from  oxidation  products  of  paraffins. 
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with  superheated  nitric  acid  vapor.  Both  these  methods  of  oxidation  gave  a  good  yield  of  dicarboxylic  acids. 

When  boiled  with  nitric  acid,  a  considerable  part  of  the  monobasic  acids  did  not  undergo  oxidation  and  could 
be  returned  to  a  second  oxidation. 

In  view  of  the  very  low  gas  formation,  reoxidation  should  lead  to  very  high  yields  of  dicarboxylic  acids.  In 
the  oxidation  with  superheated  nitric  acid  vapor,  due  to  the  high  temperature  the  monobasic  acids  were  oxidized 
more  completely  under  the  experimental  conditions, and  side  reactions  were  of  great  importance.  The  dibasic 
acids  obtained  consisted  of  a  mixture  of  succinic,  glutaric,  adipic,  and  pimelic  acids.  Oxalic  acid  was  present 
in  very  small  amounts. 

EXPERIMENTAL 

Starting  raw  material.  We  studied  the  oxidation  of  a  C7— C9  fraction  of  monobasic  acids  Isolated  from 
uniform  commercial  fraction  of  fatty  acids  from  the  Shebekino  plant.  Distillation  of  the  commercial  fraction 
showed  that  it  contained  a  considerable  amount  of  head  and  tail  fractions.  It  was  therefore  vacuum  distilled  and 
60<7o  of  the  required  C7— C9  fraction  with  an  acid  number  of  380  and  an  ester  number  of  33  was  collected  at  139- 
148"  and  40-4.'i  mm  Hg. 

Analysis  method.  The  composition  of  the  mixtures  of  dibasic  acids  obtained  was  determined  by  partition 
chromatography  on  silica  gel.  The  method  was  basically  that  of  Marvel  and  Rands  [11]  with  some  modifications 
proposed  by  Higuchi  [12]  and  Bove  and  Raveux  [13]  MSK  grade  silica  gel  from  the  Voskresensk  plant  was  used 
for  the  analysis. 

The  dicarboxylic  acids  were  eluted  with  chloroform  containing  successively  increasing  concentrations  of 
n-butyl  alcohol  (3,  ft,  10,  and  20%). 

The  concentration  of  spent  nitric  acid  in  the  aqueous  layer  in  the  presence  of  monobasic  and  dibasic  acids 
was  determined  by  titration  in  the  presence  of  Tropeolin  00.  The  organic  acids  were  not  titrated  under  these  con¬ 
ditions.  It  was  established  that  when  solutions  of  nitric  acid  were  titrated  to  a  yellow  color  with  Tropeolin,  0.015  N 
nitric  acid  remained  untitrated  in  the  solution.  The  content  of  lower  monobasic  acids  in  the  distilled  nitric  acid 
was  determined  by  stepwise  titration  of  the  aqueous  distillates  first  to  an  orange  color  with  Methyl  Orange  and 
then  with  Thymol  Blue.  It  was  possible  to  use  Methyl  Orange  for  titration  under  these  conditions  as  the  stronger 
dibasic  acids  were  absent  from  the  solution. 

Oxidation  of  Monobasic  Fatty  Acids  by  Bolling  with  Nitric  Acid 

The  C7— C9  fraction  was  oxidized  with  50%  nitric  acid. 

Into  a  round-bottomed  pyrex  flask  with  a  reflux  condenser  with  a  ground -glass  joint  were  placed  50  g  of 
C7— C9  acids  and  450  g  of  50%  nitric  acid  and  boiled  for  a  given  time.  After  the  boiling  period,  the  aqueous 
layer,  which  contained  dibasic  acids,  lower  monobasic  acids  and  spent  nitric  acid,  was  separated  from  the  upper, 
oily  layer,  which  was  a  mixture  of  unreacted  starting  acids  and  water -insoluble  reaction  products.  The  bulk  of 
the  nitric  acid  and  the  lower  acids  were  removed  from  the  aqueous  layer  by  distilling  it  to  1/3  of  the  original 
volume.  The  residue  was  poured  into  a  porcelain  dish  and  evaporated  on  a  water  bath  until  all  the  water  had 
been  removed  Then  a  fresh  portion  of  water  was  added  and  the  mixture  again  evapKJrated  until  all  the  water  had 


Fig.  1.  Chromatogram  of  "crude"  dibasic  acids  after  30-hours  oxi¬ 
dation.  A)  Amount  of  0.01  N  NaOH  solution  (ml);  B)  amount  of 
eluent  (ml). 
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TABLE  1 

Experiments  on  the  Oxidation  of  the  C7— C9  Fraction  of  Monobasic  Fatty 
Acids  by  Boiling  with  HNOj 


Yield  (in  weight  ofo  on  starting  material) 

Oxidation  time 
(in  hours) 

dicarboxylic  acids 

upper  layer 

"crude" 

chromatographed 

10 

38.0 

27 

60.0 

30 

45.0 

32 

52.0 

been  removed.  This  operation  was  repeated  several  times  until  the  smell  of  nitric  acid  and  lower  acids  became 
almost  imperceptible.  On  cooling,  the  contents  of  the  dish  solidified  to  a  white  crystalline  mass— the  so-called 
"crude*  dibasic  acids. 

Table  1  gives  the  yields  of  dibasic  acids  obtained  by  oxidation  of  the  C7— C9  fraction  of  fatty  acids  for  10 
and  30  hours.  Table  2  gives  the  characteristics  of  the  reaction  products.  Figure  1  shows  a  chromatogram  of  the 
“crude*  dibasic  acids  obtained  by  oxidation  for  30  hours. 

Abotu  Idojo  of  dicarboxylic  acids  were  found  in  the  trude"  dibasic  acids  by  chromatographic  analysis.  The 
residue  consisted  of  some  other  compounds.  This  was  also  indicated  by  the  ester  numbers  of  the  "crude*  dibasic 
acids.  The  compositions  of  the  dibasic  acids  obtained  by  10-  and  30-hours  oxidation  were  found  to  be  similar. 

The  dibasic  acids  obtained  were  a  mixture  of  succinic,  glutaric,  adipic,  pimelic  and  a  small  amount  of 
acids  with  a  chain  of  more  than  seven  carbon  atoms.  Oxalic  acid  was  formed  in  small  amounts  (1-1.5«5W.* 

Malonic  acid  was  not  detected.  The  nitric  acid  concentration  after  oxidation  fell  to  38-40<yo. 

Oxidation  of  Monobasic  Fatty  Acids  with  Superheated  Nitric  Acid  Vapor 

The  same  C^—Cg  fraction  of  monobasic  acids  was  oxidized.  The  oxidation  was  carried  out  with  commercial 
57(^0  nitric  acid  in  various  weight  ratios  to  the  raw  material  taken  (l.S  and  2.3)* “and  at  various  temperatures 
(150-160,  180-190  and  190-200").  Since  the  oxidation  proceeded  with  the  evolution  of  heat  the  rate  of  addition 
of  drops  of  nitric  acid  was  limited  to  that  required  to  maintain  the  given  experimental  temperature.  The  duration 
of  an  experiment  at  a  ratio  of  1.5  was  6-7  hours  and  at  a  ratio  of  2.5,  up  to  10-12  hours  The  apparatus  used  for 
the  oxidation  is  illustrated  in  Fig.  2. 

TABLE  2 

Characteristics  of  Oxidation  Products 


Duration 

"Crude’'  dibasic  acids  | 

Upper  layer 

of  oxida¬ 
tion  (in 

acid 

ester 

°Jo  chro¬ 
mato¬ 
graphed 

composition  of  chromatographed 
acids  (in  <yo) 

acid 

ester 

No. 

hrs) 

number 

No. 

■  C4 

C, 

0, 

1 

C7 

>c, 

number 

10 

657 

15 

70 

23 

25 

33 

13 

6 

402 

85 

30 

649 

17 

70 

26 

28 

26 

14 

6 

410 

1 

20 

•  Determined  by  titration  with  potassium  permanganate. 

•  •Calculated  on  l00<yo  nitric  acid. 
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TABLE  3 

Oxidation  of  C7— Cj  Monobasic  Fatty  Acids  with  Nitric  Acid  Vapor 


Expt.  conditions  j 

Reaction  products 

Expt.  No. 

temp. 

(in  "O 

HNOj* 
C7*  C9 
fraction 

(wt.) 

"Crude  dicarbox- 
ylic  acids 

upper  layer 

aqueous  condensate 

acid 

number 

V 

«  B 

4)  3 

C 

wt.  f/oon 
original 
starting 
material 

acid 

number 

ester 

number 

HNO, 

lower  fatt 
acids*  • 
(wt.  %  on 
original 
material 

in  %  of 
,  that 
taken 

concen¬ 

tration 

W 

1 

190-200 

\  i 

26.6 

590 

130 

26.6 

296 

224 

15.7 

11.0 

14.0 

2 

180—190 

41.0 

620 

106 

42.5 

290 

253 

18.0 

14.3 

12.6 

3 

150-160 

1  1 

34.2 

594 

132 

56.6 

292 

236 

18.2 

19.5 

3.0 

4 

180-190 

\  93  / 

56.3 

680 

85 

4.0 

250 

270 

18.2 

14.6 

18.8 

5 

150—160 

46.3 

614 

121 

27.3 

274 

270 

25.0 

20.4 

13.6 

•  Calculated  on  lOCK^  nitric  acid. 

•  •Calculated  on  acetic  acid. 


Fig.  2.  Plan  of  oxidation  apparatus. 
1)  Reactor;  2)  thermometer;  3)  spiral; 
4)  porous  disc;  .‘>)  dropping  funnel;  6) 
trap;  7)  reflux  condenser. 


The  experimental  procedure  was  as  follows.  The 
starting  material  (100  g)  was  placed  in  the  cylindrical 
glass  reactor  1  with  a  thermometer  2  and  heated  by  the 
spiral  3,  fitted  with  a  Schott  porous  disc  4.  Nitric  acid 
was  added  dropwise  under  an  air  pressure  from  dropping 
funnel  S,  connected  to  the  upper  end  of  the  spiral.  The 
reaction  gases  and  water  vapor  with  entrained  monobasic 
acids  passed  through  the  outlet  tube  into  trap  6,  fitted  with 
a  reflux  condenser  7.  The  aqueous  condensate  was  run  off 
periodically  and  the  acids  returned  to  the  oxidation  in  the 
reactor.  The  reactor  was  heated  on  an  air  bath  with  an 
electric  heater. 

The  oxidation  products  were  a  homogeneous  liquid 
from  which  the  "crude"  dibasic  acids  were  extracted  with 
hot  water.  The  reaction  products  which  were  insoluble  in 
hot  water  (upper  layer)  contained  hardly  any  of  the  original 
monobasic  acids. 

Thus,  treatment  of  the  latter  with  ligroin  showed  that 
the  percent  of  monobasic  acids  which  were  soluble  in  ligroin 
was  low  and  not  more  than  2-3<yo.  The  upper  layer  from  the 
experiment  was  reoxidized  by  boiling  with  57<yo  nitric  acid 
in  a  flask  with  a  reflux  condenser.  The  weight  ratio  of  nitric 
acid  to  the  upper  layer  was  4.,'). 

Boiling  for  6  hours  and  evaporation  of  the  aqueous 
layer  yielded  a  further  amount  of  "crude"  dibasic  acids. 

The  aqueous  condensate  contained  spent  nitric  acid  and 
water-soluble  monobasic  acids,  formed  as  a  result  of  the 
oxidation. 
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TABLE  4 


Reoxidatlon  of  Upper  Layers 


Oxidation  products 

"crude"  dicarboxylic  acids 

upper  layer 

in  weight  %  on 
original  C7— C9 
fraction 

acid 

number 

ester 

number 

in  weight  %  on 
original  C7-C9 
fraction 

acid 

number 

ester 

number 

13.0 

616 

34 

2.7 

360 

125 

24.0 

625 

100 

5.8 

336 

199 

15.1 

538 

147 

13.6 

400 

128 

14.8 

415 

222 

7.7 

290 

248 

Table  3  gives  data  on  the  oxidation  of  the  C7— C9  fraction.  Table  4  gives  the  results  of  reoxidatlon  of  the 
upper  layers  from  corresponding  experiments.  According  to  chromatographic  data.  70<yo  of  the  "crude”  dibasic 
acids  obtained  consisted  of  dibasic  acids.  The  latter  were  a  mixture  of  succinic  (~32<yo).  glutaric  (^30%)  adipic 
(~22<7r),  pimelic  and  acids  higher  than  Cj  The  dibasic  acids  obtained  under  the  most  drastic 

oxidation  conditions  at  180-190“  and  a  ratio  of  2.S  were  exceptional.  In  this  case  the  succinic  acid  content  of 
the  mixture  increased  strongly  (up  to  SO'^r). 

DISCUSSION  OF  RESULTS 

As  the  result  obtained  show,  the  oxidation  of  the  fraction  of  C7— C9  fatty  acids  with  nitric  acid  yielded 
pimelic,  adipic,  glutaric.  and  succinic  acids  and  a  small  amount  of  acids  above  C7  and  oxalic  acid;  malonic 
acid  was  not  found.  The  yield  of  dibasic  acids  that  could  be  chromatographed  in  oxidation  with  nitric  acid  by 
boiling  for  30  hours  was  32%  or  more  than  65%  by  weight  on  the  acids  reacting.  In  experiments  on  oxidation  by 
nitric  acid  vapor,  for  example  experiment  No.  2  (Tables  3  and  4),  the  yield  of  "crude"  dicarboxylic  acids  was 
65%  (together  with  acids  obtained  by  reoxidatlon  of  the  upper  layer)  or  45%,  calculated  on  the  "crude"  dibasic 
acids,  70%  of  which  were  chromatographed.  Both  methods  of  oxidizing  fatty  acids  have  their  merits  and  draw¬ 
backs.  Treatment  of  fatty  acids  with  boiling  nitric  acid  is  characterized  by  little  formation  of  gaseous  and  steam- 
volatile  products,  as  a  result  of  which,  reoxidation  of  the  residual  unreacted  upper  layer  may  be  expected  to  give 
high  yields  of  the  desired  product. 

A  drawback  of  the  method  is  the  duration  of  the  actual  oxidation  process  and  mainly,  the  need  for  distilling 
large  amounts  of  nitric  acid  to  isolate  the  dibasic  acids. 

The  second  method  does  not  have  the  latter  drawback  as  the  unreacted  nitric  acid  distills  during  the  oxida¬ 
tion  process.  The  final  oxidation  products  are  obtained  free  from  nitric  acid. 

The  drawback  of  this  method  is  the  increased  formation  of  side  products,  both  gaseous  and  steam  volatile 
(volatile  fatty  acids).  The  latter  distilled  during  the  oxidation  process  together  with  unreacted  nitric  acid.  Separa¬ 
tion  of  this  mixture  for  further  use  of  the  components  was  difficult.  As  regards  the  composition  of  the  dicarboxylic 
acids  obtained,  in  experiments  with  boiling  with  nitric  acid  the  proportions  of  the  separate  dicarboxylic  acids 
changed  little  with  the  degree  of  oxidation.  In  experiments  on  oxidation  with  superheated  nitric  acid  vapor,  we 
were  unable  to  establish  a  clear  relation  between  the  conditions  and  the  change  In  composition  of  the  dicarboxylic 
acids  obtained.  We  only  noted  some  increase  in  the  succinic  acid  content  of  the  oxidation  products  with  an  in¬ 
crease  in  the  oxidation  temperature  and  the  amount  of  nitric  acid  taken.  It  seems  more  profitable  to  us  to  study 
these  problems  on  individual  monobasic  fatty  acids. 
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SUMMARY 


In  a  study  of  the  oxidation  of  a  fraction  of  C^—C^  monobasic  fatty  acids  by  two  methods,  namely,  boiling 
with  nitric  acid  and  treatment  with  superheated  nitric  acid  vapor,  it  was  found  that  in  oxidation  by  both  methods 
the  main  reaction  product  was  a  mixture  of  pimelic,  adipic,  glutaric,  and  succinic  acids. 
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PREPARATION  OF  ISONICOTINIC  ACID 

FROM  THE  LOW-BOILING  FRACTION  OF  COAL-TAR  BASE 

M.  M.  Potashnikov 


Isonicotinlc  (4-pyridinecarboxyIic  acid  Is  the  starting  material  for  the  preparation  of  Isonicotinohydrazides 
(phthivazid,  etc.),  which  are  widely  used  as  pharmaceutical  preparations  for  treating  tuberculosis. 

Light  pyridine  bases  extracted  from  coke-oven  gas  are  the  main  source  of  raw  material  for  preparing 
Isonicotinlc  acid.  Rectification  of  the  former  gives  a  so-called  B“plcoline  fraction,  whose  main  components 
are  6  -picoline,  y-picoline,  and  2,  6-lutidine.  The  plcolines  in  this  mixtures  are  separated  from  2,  6-lutldine 
in  the  form  of  water-soluble  complex  salts  with  zinc  chloride.  Decomposition  of  the  complex  salts  isolated  gives 
a  mixture  of  B  -  3nd  y -plcolines,  oxidation  of  which  gives  a  mixture  of  isomeric  nicotinic  acids.  To  prepare 
isonicotinlc  acid,  Graf  [1]  used  the  capacity  of  y -picoline  to  form  with  formaldehyde  mono-,  di-,  and  trl -(hydro¬ 
xymethyl)  derivatives,  which  are  readily  oxidized  by  nitric  acid  to  isonicotinlc  acid.  As  B  -picoline  does  not 
react  with  formaldehyde  it  Is  readily  separated  from  the  hydroxymethyl  derivatives  of  y  -picoline.  Rubtsov  and 
his  co-workers  [2]  refined  the  method  for  preparing  isonicotinlc  acid  from  the  b  -picoline  fraction. 

The  Importance  of  isonicotinohydrazides  and  the  limited  sources  of  y  -picoline  for  their  production  create 
a  need  for  finding  new  forms  and  sources  of  raw  material  for  the  preparation  of  isonicotinlc  acid.  Swietoslawcki 
and  Bylicki  [3]  proposed  the  use  of  2,  4-lutidine  and  2,  4,  6-collIdine,  which,  on  oxidation  and  removal  of  the 
carboxyl  groups  in  positions  2  and  6,  give  isonicotinlc  acid.  Rubtsov  and  his  co-workers  [4,  .5]  studied  the  pos¬ 
sibility  of  preparing  isonicotinlc  acid  from  the  trImethyl  ester  of  citric  acid  through  the  intermediates  2,  6-dI- 
hydroxynicotinic  and  2,  6-dichloroisonicotinic  acids.  Reduction  of  2,  6-dIchloroisonicotinic  acid  in  the  presence 
of  a  skeletal  catalyst  at  It'S  atm  gave  isonicotinlc  acid  in  a  yield  of  78<yoof  theoretical  (on  2,  6-dichloroisonIcotInIc 
acid). 

One  of  the  sources  of  raw  material  for  the  preparation  of  isonicotinlc  acid  may  be  the  low -boiling  fraction 
of  coal-tar  bases,  which  contains  a  series  of  alkylpyridines.  Some  of  these  alkylpyridines  may  be  oxidized  and 
decarboxylated  to  give  isonicotinlc  acid.  Table  1  lists  the  alkylpyridines  contained  in  coal-tar  bases  and  the 
possible  products  of  oxidation  and  decarboxylation  of  the  former.  As  is  known,  the  carboxyl  groups  in  positions 
3,  4,  and  S  in  pyridinecarboxylic  acids  are  stable,  while  those  in  positions  2  and  6  are  readily  removed.  Decar¬ 
boxylation  proceeds  quite  rapidly  during  the  oxidation  of  alkylpyridines  with  sulfuric  acid.  Thus,  7  of  the  28 
alkylpyridines  given  in  Table  1  may  be  converted  to  isonicotinlc  acid  by  oxidation  and  decarboxylation. 

The  similar  physical  and  chemical  properties  of  alkylpyridines  and  the  lack  of  methods  for  determining 
them  quantitatively  in  coal-tar  bases  hinders  the  separation  and  use  of  those  alkylpyridines  which  could  give 
Isonicotinlc  acid.  In  this  connection  it  seemed  interesting  to  oxidize  narrow  fractions  of  alkylpyridines  and  to 
isolate  isonicotinlc  acid  from  the  oxidation  products.  The  author  carried  out  investigations  In  this  direction  and 
the  results  are  given  In  this  article.  • 


EXPERIMENTAL 

The  starting  materials  for  the  investigation  were  heavy  pyridine  bases,  isolated  under  industrial  conditions 
from  the  naphthalene  (light-medium)  fraction  of  coal  tar.  The  crude  bases  were  dissolved  in  23%  sulfuric  acid  to 

•T  M.  Markacheva  participated  in  the  experimental  work. 
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TABLE  1 

Alkylpyridines  Identified  in  Coal-Tar  Bases  [6] 


Alkylpyridine 

Boiling 
point  (in  *C) 

Oxidation  and  decarboxylation 
products 

a-Picoline 

129.4 

Pyridine 

8  -Picoline 

144 

Nicotinic  acid 

y  -Picoline 

145.3 

Isonicotinic  acid 

2,6-Lutidine 

144 

Pyridine 

2,3-Lutidine 

160  3 

Nicotinic  acid 

2,4-Lutidine 

1.58 

Isonicotinic  acid 

2.5-Lutidine 

157 

Nicotinic  acid 

3,5-Lutidine 

169.5 

Dinicotinic  acid 

3.4-Lutidine 

162-163 

Cinchomeronic  acid 

a-Ethylpyridine 

148.7 

Pyridine 

8  -Ethylpyridine 

165.5-166 

Nicotinic  acid 

y  -Ethylpyridine 

165 

Isonicotinic  acid 

2-Methyl-6-ethylpyridine 

1.50-151 

Pyridine 

2 -Methyl -4-  ethylpyridine 

178.8 

Isonicotinic  acid 

2 -Methyl -3 -ethylpyridine 

195-6(7.53) 

Nicotinic  acid 

2 -Methyl -5 -ethylpyridine 

174.6 

Nicotinic  acid 

2 -Ethyl -4 -methylpy  ridlne 

178.7 

Isonicotinic  acid 

2,3-Dlmethyl-6-isopropylpyridine 

197.4-197.8 

(747) 

Nicotinic  acid 

2,3,4-Collidine 

168 

Cinchomeronic  acid 

2,4,5-Collidine 

167 

Cinchomeronic  acid 

2.4,6-Collidine 

170  3 

Isonicotinic  acid 

2,3,6-Collidine 

172.8 

Nicotinic  acid 

2,3,5-Collidine 

186.8 

Dinicotinic  acid 

2,4-Dimethyl-6-ethylpyridine 

164.2-1.66.4 

(.57.5) 

Isonicotinic  acid 

2, 6-Dimethyl -4-ethylpyridine 

184-186 

Pyridine 

2,3,4,6-Tetramethylpyridine 

203  (7.50) 

Cinchomeronic  acid 

2  3,4,5-Tetramethylpyridine 

233 

3,4.5-Pyridinetricarboxylic  acid 

2,3,5,6-Tetramethylpyridine 

130-132 

(100) 

Dinicotinic  acid 

remove  neutral  oils  and  tarry  substances.  The  base  sulfate  obtained  was  washed  twice  with  xylene  in  which  the 
traces  of  oils  and  tarry  substances  dissolved.  After  purification  with  xylene,  the  base  sulfate  was  decomposed  with 
20<7o  sodium  hydroxide  solution  to  give  pure  bases. 

The  starting  crude  bases  had  the  following  characteristics;  d/®  1.057,  base  content  79.8%  (calculated  on 
88.9%  anhydrous  product),  water  content  10.2%,  neutral  oils  and  tarry  substances  10.0%;  boiling  range  (in  *C): 

10%  199.8,  20%  211.4,  30%  219.8,  40%  226.2,  50%  230  4,  60%  233.6,  70%  235.8,  80%  237.8,  90%  242.1,  96% 
252.7,  After  removal  of  the  neutral  oils  and  tarry  substances  and  drying  with  solid  sodium  hydroxide  the  bases 
had  the  following  characteristics:  d^®4  1.063,  base  content  99.8%;  boiling  range  (in  ‘C):  10%  -208.0',  20% 

217.6,  30%  223.6,  40%  228.8,  50%  232.1,  60%  .234.2,  70%  236.3,  80%  238.4,  90%  241.6,  96%  284.3. 

The  low-boiling  fractions  for  preparing  isonicotinic  acid  were  separated  by  fractionating  the  purified  bases 
on  a  laboratory  fractionation  apparatus  with  an  efficiency  of  36  theoretical  plates  (on  a  benzene -dichloroethane 
mixture).  We  described  the  design  of  this  column  in  [7).  The  fractions  were  taken  off  in  small  portions,  each 
representing  about  1.5-2%  by  weight  of  the  charge.  The  specific  gravities,  molecular  weights,  and  boiling  ranges 
of  the  fractions  were  determined.  The  yields  and  characteristics  of  the  fractions  obtained  are  given  in  Table  2. 
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TABLE  2 

Fractionation  of  Purified  Bases  of  the  Naphthalene  Fraction 


1 

B 

O 

o 

nj 

u, 

uu 

Take-off 

temp. 

(in  'O 

C.S 

nj  0) 

Fraction  characteristics 

mole¬ 
cular  wt. 

boiling 

point  ("O  during  distillation  (%) 

start 

10 

30 

50 

80 

90 

1 

95.6 

0.59 

0.9095 

Hydrates 

2 

_ 

1.47 

_ 

_ 

126.6 

131.8 

136.0 

1.38.4 

144.5 

151.6 

3 

142.3 

1.61 

0.94.50 

102 

139.3 

143.5 

145.5 

147.6 

1.50.2 

152.8 

4 

l.'')3.6 

1.63 

0.9399 

104 

142.4 

1.50.7 

1.52.3 

1.53.4 

1. 5.5.9 

1.57.0 

.  » 

160.3 

1.72 

0.9363 

109 

148.8 

1.57.8 

159.4 

160.4 

162.4 

164.9 

H 

166..5 

1.85 

0.9339 

112 

162.5 

164.0 

164.7 

165.5 

167.5 

170.2 

7 

173.7 

1.87 

0.9415 

114 

168.5 

170.7 

171.7 

172.2 

17.5.7 

177.8 

8 

182..5 

2.05 

0.9798 

107 

179.3 

179.4 

180.7 

181.2 

183.0 

184.0 

9 

183.6 

1.70 

0.9920 

106 

182.5 

183.5 

184.0 

184.6 

185.4 

186.1 

10 

186.7 

1.77 

0.9918 

102 

184.0 

18.5.1 

185.6 

186.1 

187.1 

188.7 

11 

192.8 

1.99 

0.9894 

109 

188.4 

189.7 

190.4 

190.9 

193.0 

196.0 

12 

200.0 

2.11 

0.9870 

112 

195.3 

196.1 

197.1 

197.6 

199.6 

201.0 

13 

203.1 

.  2.08 

0.9893 

115 

199.1 

200.1 

200.3 

201.1 

202.1 

202.6 

14 

205.2 

2.04 

0.9956 

116 

201.8 

202.2 

202.8 

202.8 

203.8 

204.8 

The  fractions  obtained  were  oxidized  to  pyridinecarboxylic  acids  with  concentrated  sulfuric  acid  in  the 
presence  of  selenium  [8].  Oxidation  by  this  method  proceeds  under  drastic  conditions, and  as  a  result  the  carboxyl 
groups  formed  in  positions  2  and  6  are  removed  during  the  reaction.  The  fractions  were  oxidized  in  the  following 
way.  To  a  10  g  sample  of  bases  were  added  100  g  of  concentrated  sulfuric  acid  and  0.5  g  of  selenium  powder. 

The  reaction  mixture  was  heated  in  a  250 -ml  flask  until  90%  of  the  total  theoretical  amount  of  water  had  distilled 
and  at  this,  the  temperature  of  the  reaction  mixture  reached  280-325*.  The  water  vapor  evolved  during  the  reac¬ 
tion  was  condensed  and  collected  in  a  trap, and  the  sulfur  dioxide  was  trapped  in  an  alkaline  solution.  Except  for 
cinchomeronic  acid,  the  pyridinecarboxylic  acids  obtained  in  the  reaction  were  isolated  from  the  reaction  mix¬ 
ture  in  the  form  of  copper  nicotinate,  isonicotinate  and  dinicotinate.  The  copper  salt  of  cinchomeronic  acid, 
which  is  readily  water-soluble,  was  removed  with  the  filtrate.  The  free  pyridinecarboxylic  acids  were  prepared 
from  their  copper  salts  by  decomposition  of  the  latter  with  40%  sodium  hydroxide  and  neutralization  of  the  ex¬ 
cess  alkali  and  acidification  of  the  solution  with  concentrated  hydrochloric  acid.  After  removal  of  the  carboxyl 
groups  in  positions  2  and  6  and  separation  of  the  cinchomeronic  acid,  only  a  mixture  of  isomeric  nicotinic  and 
dinicotinic  acids  could  be  precipitated  from  the  hydrochloric  acid  medium.  The  experimental  results  on  the 
oxidation  of  low-boiling  base  fractions  are  given  in  Table  3. 

The  dinicotinic  acid  content  of  the  mixture  of  pyridinecarboxylic  acids  was  determined  by  dissolving  a 
sample  of  the  latter  in  water  and  titrating  the  solution  obtained  with  O.i  N  sodium  hydroxide  solution  (to  phenol- 
phthalein).  The  mononicotinic  and  dinicotinic  acid  contents  were  determined  from  the  alkali  consumption.  The 
data  given  in  Table  3  show  that  the  pyridinecarboxylic  acids  obtained  contained  practically  no  dinicotinic  acid, 
and  the  products  isolated  were  mixtures  of  isomeric  nicotinic  acids.  This  made  it  possible  to  use  the  melting 
point  diagram  of  the  system  nicotinic  acid— isonicotinic  acid  [91  for  determining  the  contents  of  each  of  these 
isomers  in  the  total  mixture, as  there  are  no  analytical  methods  for  determining  nicotinic  acids.  As  the  system 
nicotinic  acid— isonicotinic  acid  forms  a  eutectic,  in  addition  to  determining  the  melting  point  of  the  mixture 
of  acids,  we  determined  the  melting  point  of  this  mixture  with  the  addition  of  pure  nicotinic  and  isonicotinic 
acids  to  find  the  corresponding  branch  on  the  diagram. 

With  the  exception  of  fraction  No.  1,  which  was  a  mixture  of  base  hydrates  that  distilled  below  100",  all 
the  fractions  from  the  fractionation  were  oxidized.  Isonicotinic  acid,  with  traces  of  nicotinic  acid,  was  isolated 
from  fractions  2,  3,  4, 5,  and  6,  which  boiled  at  up  to  170*.  Neither  isomeric  nicotinic  or  dinicotinic  acids  were 
isolated  from  the  oxidation  products  of  the  remaining,  higher-boiling  fractions  Apparently,  oxidation  of  these 
fractions  and  decarboxylation  of  their  oxidation  products  gave  mainly  cinchomeronic  acid  and  pyridine 
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TABLE  3 

Oxidation  of  Low -Boiling  Fractions  of  Coal-Tar  Bases 


0) 

Crude 

1 

Content  (%) 

Boiling 

1* 

isonicotinic 

oa 

acid  obtained 

range 

So 

u 

Fraction 

Melting 
(in  *C 

s 

'3 

o3 

3  o 

G 

O 

Expt.  No 

(in  *C) 

o 

3 

Rj  w 

•o 

s 

mg 

% 

nicotinic 

acid 

1 

No.2 

127—1.52 

lO.O 

0.6 

6.0 

304.5 

100.3 

84.6 

14.7 

2 

No.3 

139-153 

10.0 

2.4 

24.0 

308 

100.7 

87.4 

10.1 

3 

No.4 

Mixture: 

142-157 

10.0 

2.8 

28.0 

305.5 

100.2 

85.6 

13.9 

4 

Noi.  5  H  6 

149-170 

10.0 

1.78 

17.8 

309—310 

99.6 

91.0 

9.0 

5 

Nos.  7,  8,  9, 

10 

168-189 

10.0 

Not  obtained 

6 

Nos.  II,  12, 

188—205 

10.0 

Not  obtained  * 

13,  14 

7 

Nos.  2,  3,  4, 

127-170 

10.0 

2.2 

22.0 

306 

99.9 

86.8 

13.2 

5,  6 

8 

9 

1  Fraction  of  ] 

f  crude  bases  j 

120—160 

160—200 

10.0 

2.2 

22.0 

305 

99.7 

85.0 

15.0 

10.0 

Traces 

The  pyrldinecarboxyllc  acids  isolated  from  the  oxidation  products  of  fractions  No.  2,  3,  4,  5,  and  6  contained 
from  85  to  91%  of  isonicotinic  acid  and  from  9  to  15%  of  nicotinic  acid.  Such  products  satisfy  existing  technical 
requirements  for  isonicotinic  acid  and  could  be  used  for  the  synthesis  of  hydrazides. 

We  also  oxidized  fractions  boiling  over  a  wide  temperature  range,  which  were  obtained  during  the  fraction¬ 
ation  of  both  purified  and  crude  bases  of  the  coal-tar  naphthalene  fraction.  In  experiment  7,  a  mixture  of  frac¬ 
tions  2,  3,  4,  5,  and  6,  boiling  over  the  range  127-170*.  was  oxidized.  The  mixture  of  pyridinecarboxylic  acids 
isolated  from  the  oxidation  products  contained  86.8%  of  isonicotinic  and  13.2%  of  nicotinic  acids.  The  yield 
of  this  product,  relative  to  the  fraction  taken  for  oxidation,  was  22%.  An  equal  yield  of  a  product  containing  85% 
of  isonicotinic  and  15.0%  of  nicotinic  acids  was  obtained  from  a  fraction  of  the  crude  bases  boiling  over  the  range 
120-160*.  This  indicated  that  for  the  preparation  of  isonicotinic  acid  from  the  low -boiling  part  of  coal-tar  bases, 
the  latter  need  not  be  freed  from  neutral  oils  and  tarry  substances,  which  are  oxidized  vigorously  by  concentrated 
sulfuric  acid  in  the  presence  of  selenium.  Oxidation  of  the  fraction  of  crude  bases  boiling  over  the  range  160-200* 
gave  traces  of  isonicotinic  acid. 

The  ex{>erimental  data  obtained  indicate  the  possibility  of  using  the  low-boiling  part  of  coal-tar  bases  as 
the  raw  material  for  preparing  isonicotinic  acid.  The  yield  of  technical  product  was  quite  high— 22%  on  the 
crude  material  oxidized.  In  comparison,  the  yield  of  isonicotinic  acid  from  the  ft  -picoline  fraction  was  1.5-2. 0% 
of  the  light  pyridine  bases.  This  yield  may  be  increased  to  3.0%  by  isolating  and  using  a  fraction  containing  2,4- 
lutldine  and  2,4,6-collidine.  Thus,  the  low-boiling  part  of  coal-tar  bases  is  a  more  concentrated  raw  material 
for  the  preparation  of  isonicotinic  acid  than  light  pyridine  bases.  A  comparison  of  these  forms  of  raw  material 
shows  that  by  use  of  the  low-boiling  part  of  coal-tar  bases,  the  raw  material  source  for  the  preparation  of  isonico¬ 
tinic  acid  could  be  increased  by  60-70%. 


SUMMARY 

1.  Isonicotinic  acid  with  melting  point  305-310*,  containing  85-91%  of  the  main  material  and  9-15%  of 
nicotinic  acid,  was  isolated  from  the  oxidation  products  of  the  low-boiling  part  of  coal-tar  bases  boiling  at  up 
to  170*  through  its  copper  salt.  The  yield  of  technical  isonicotinic  acid  was  22%  on  the  fraction  oxidized. 
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2.  Neutral  oils  and  tarry  substances  did  not  Interfere  with  the  oxidation  of  the  low-bolllng  part  of  the  bases, 
so  that  the  crude  bases  did  not  require  purification. 
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SYNTHESIS  OF  ISOPRENE  AND  PIPERYLENE 
BASED  ON  n-BUTYLENES  AND  FORMALDEHYDE* 

A.  M.  Kut’ln,  M.  I.  Farberov,  T.  P.  Vernova,  and  N.  K.  Shemyakina 
Institute  of  Monomers  for  Synthetic  Rubber  and  Yaroslavl*  Technological  Institute 


For  a  number  of  years  work  has  been  done  in  our  laboratory  on  the  synthesis  of  isoprene,  based  on  isobutyl¬ 
ene  and  formaldehyde,  and  of  butadiene,  based  on  propylene  and  formaldehyde  [1],  The  starting  materials  for 
the  preparation  of  these  dienes  were  alkyl-1, 3-dioxanes,  which  were  the  main  products  of  the  reaction  of  olefins 
with  formaldehyde  in  an  aqueous  medium  in  the  presence  of  acid  [2].  When  the  alkyldioxanes  were  passed  over 
catalysts  in  a  mixture  with  water  vapor,  they  underwent  smooth  cleavage  to  give  good  yields  of  dienes. 

We  previously  showed  that  n-butylenes  react  smoothly  with  formaldehyde  (as  formalin)  in  the  presence  of 
sulfuric  acid  [2].  The  main  reaction  product,  obtained  in  90%  yield,  was  a  mixture  of  isomeric  dioxanes— 4,  5- 
dimethyl-l,  3-dioxane  (I)  from  2-butene  and  4-ethyl-l,  3-dioxane  (II)  from  1-butene.  It  seemed  Interesting  to 
study  in  greater  detail  the  catalytic  conversion  of  these  alkyldioxanes  to  dienes. 

Conditions  for  Catalytic  Conversion  of  a  Mixture  of  Isomeric  Alkyldioxanes  (I) 
and  (II) 

The  mixture  of  alkyldioxanes  diluted  with  steam  was  catalytlcally  cleaved  over  "KSD”  catalyst,  which 
consists  of  a  mixture  of  calcium  phosphates.  This  catalyst  was  found  to  be  the  best  of  those  tested  for  conver¬ 
sions  of  alkyl-l, 3-dioxanes  to  dienes  [1].  As  in  the  preparation  of  other  dienes,  this  catalyst  required  regenera¬ 
tion  with  a  steam-air  mixture  after  each  2-4-hour  operating  period  to  restore  the  activity  (by  burning  off  carbon¬ 
aceous  deposits).  Satisfactory  diene  yields  were  obtained  only  when  the  alkyldioxanes  were  considerably  diluted 
with  steam,  which  we  ascribe  to  the  reaction  mechanism. 

Figure  1  gives  the  experimental  results  of  investigating  the  effect  of  an  •arbitrary*  contact  time  (which 
also  means  space  velocity)  on  the  reaction  product  yields  at  375"  and  constant  steam  dilution  (dioxane  to  steam 
ratio  of  1;  3  by  weight). 

Figure  2  illustrates  the  effect  of  varying  the  temperature  over  the  range  350-450*  and  varying  the  contact 
time  (with  constant  dilution)  on  the  conversiop  of  dioxanes  to  unsaturated  hydrocarbons. 

The  data  given  indicate  that  the  total  yield  of  unsaturated  hydrocarbons  and  dienes  increases  rapidly  with 
an  Increase  in  contact  time,  reaching  a  maximum  at  a  definite  contact  time  (and  consequently,  space  velocity) 
for  each  temperature.  The  diene  content  of  the  total  unsaturated  hydrocarbons  remained  constant  and  did  not 
depend  on  contact  time.  The  reactions  resulting  in  the  formation  of  dienes  and  n-butylenes  are  apparently 
parallel,  but  differ  greatly  in  rate.  The  curve  of  the  unsaturated  alcohol  yield  passes  through  a  maximum  that 
is  characteristic  of  a  consecutive  reaction  as  unsaturated  alcohols  are  apparently  subsequently  dehydrated  to 
dienes.  The  curve  showing  deposition  of  "carbon*  on  the  catalyst  gradually  rises  with  an  increase  in  contact 
time. 


•  Communication  III  in  a  series  of  papers  on  diene  synthesis  based  on  olefins  and  aldehydes. 


28.58 


TABLE  1 


Catalytic  Cleavage  of  a  Mixture  of  Alkyldioxanes  (I)  and  (II)  on  a  ’’KSD*  Catalyst  at  375* 
and  Different  Degrees  of  vSteam  Dilution 


Input  space 
velocity  (in 
ml/ nil  cat. 
hr) 

Alkyldioxanes: 
MjO  ratio 

Arbitrary  contact 
time  (in  sec) 

Conversion  of  alkyl¬ 
dioxanes  (D  and  (ll)  tc 
unsaturaied  hydrocar¬ 
bons  fdienes  +  olefins  )| 

Yield  (mol.  %)  on  mixture 
of  alkyldioxanes  (1)  and 
(II)  passed 

Diene  content  of  un  ¬ 
saturated  hydrocar¬ 
bons  of  corftact  gas 

(in  vol.  %) 
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o  • 
o  o 

V  (U 

•-x; 

W*-’ 

"Ov*-. 

>nO 

B’O.y 

ft)  w 

O  w  ^ 
LI.ft)  M 

(O 

1  0) 

-4  C 

"TS 

H,o 

molar 

isoprene  + 
trans -piper¬ 
ylene 

+  I 

cS. 

(U.ir 

Q, 

1  lU 
ti.w)  C 
X)  o  .2; 

unsaturated 

alcohols 

0.27 

0.31 

1  :  1.18 

1  :  7.6 

2.23 

64.0 

53.2 

10.8 

3.1 

4.9 

83.0 

60.2 

0.20 

0.63 

1  :  2.16 

1  :  13.9 

1.17 

7.5.5 

61.6 

13.9 

2.3 

3.3 

81.6 

7.3.2 

0.23 

0.()6 

1  :  2.86 

1  :  18.4 

0.83 

77.5 

62.3 

1.5.2 

1.7 

2.5 

80.5 

8.5.8 

0.30 

1.22 

1  :  4.0.5 

1  :  26.0 

0.62 

67.5 

5.3.0 

14.5 

4.6 

1.9 

79.5 

88.0 

0.30 

1.51 

1  :  5.03 

1  :  32.4 

0.50 

69.3 

.54.3 

1 5.0 

4.3 

1.7 

1  78.5 

9.3.5 

0.30 

2.43 

1  :  7.97 

1  :  .51.5 

0.32 

72.7 

58.6 

14.1 

5.0 

0.7 

1  80.6 

!M).2 

The  extent  of  cracking  of  alkyldioxanes  (I)  and  (II)  to  olefins  (ii-butylenes)  in  this  case  was  considerably 
greater  than  in  the  butadiene  and  isoprene  processes  [1].  It  represented  16-10<yoof  the  alkyldioxanes  decomposed, 
instead  of  the  4..'S-6<7n  reported  previously.  In  this  process  the  reaction  products  also  contained  a  considerable 
amount  of  the  aldehyde  2-methylbutanal  (IV)— up  to  9.f><yo  of  the  alkyldioxanes  (I)  and  (II)  decomposed.  In  proc¬ 
esses  described  previously  the  aldehyde  content  of  the  reaction  products  was  very  small.  Thus,  the  selectivity  of 
the  catalytic  cleavage  of  alkyldioxanes  (I)  and  (II)  to  dienes  was  found  to  be  considerably  less  than  in  the  processes 
described  previously. 

The  effect  of  steam  dilution  of  the  alkyldioxanes  is  shown  in  Table  I,  from  which  it  can  be  seen  that  the 
reaction  rate  increased  with  an  increase  in  the  dilution  This  follows  from  the  facts  given,  indicating  that  with 
an  increase  in  dilution,  the  contact  time  falls  considerably  while  the  dioxanc  conversion  to  unsaturated  hydro¬ 
carbons  remains  practically  constant.  The  selectivity  of  the  process  (determined  by  the  diene  content  of  the 
unsaturated  hydrocarbons  of  the  contact  gas)  remained  constant  over  a  wide  range  of  dilutions.  The  carbon  de¬ 
position  on  the  catalyst  and  formaldehyde  loss  (separated  during  alkyldioxane  cleavage)  decreased  considerably 
with  an  increase  in  steam  dilution. 

Experiments  with  different  catalys^operation  times  showed  the  advantiige  of  continuous  operation  for  up  to 
4  hours,  followed  by  catalyst  regeneration  with  a  steam-air  mixture  for  1  hour.  The  stability  of  the  catalyst  was 
checked  over  the  4  hours  and  was  found  to  be  satisfactory. 

Balance  experiments  In  order  to  evaluate  the  experimental  results  more  accurately,  we  carried  out  a 
series  of  balance  experiments  in  which  all  the  reaction  products  were  accounted  for  as  accurately  as  possible. 

A  typical  material  balance  for  the  catalytic  cleavage  of  a  mixture  of  alkyldioxanes  (I)  and  (II)  is  shown  in 
Table  2. 

The  diene  fraction,  containing  a  certain  amount  of  n-butylenes.  obtained  in  the  balance  experiment  was 
further  distilled  on  a  laboratory  column  of  35  theoretical  plates  (Fig.  3)  and  the  fractions  collected  were  then 
analyzed  for  olefin  and  diene  contents.  This  made  it  possible  to  determine  quite  accurately  the  isoprene  and 
piperylene  (cis  and  trans  isomers)  content.  This  ratio  of  dienes  (31.3ofooi  piperylene  and  62.1°}o  of  isoprene)  was 
found  to  be  quite  close  to  the  ratio  of  1-butene  and  2-butene  in  the  starting  fraction  of  n-butylenes  used  for  the 
synthesis  of  the  mixture  of  isomeric  alkyldioxanes  (I)  and  (II).  It  is  known  that  an  equilibrium  mixture  of  n- 
butylenes  at  600"  (dehydrogenation  temperature  of  n-butane)  contains  33%  of  1-butene  and  67%  of  2-butene  [3]. 

The  formaldehyde  formed  by  the  reaction  remained  in  the  condensate  in  the  form  of  a  dilute  (5-6%) 
formalin  solution.  The  latter  may  be  returned  to  the  process  (for  condensation  with  n-butylenes)  in  the  form  of 
a  standard  37%  solution  by  concentration  under  pressure  [4]. 
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Fig.  1.  Catalytic  cleavage  of  a  mixture  of  alkyl - 
dloxanes  (I)  and  (II)  on  "KSD"  catalyst  at  37.*)* 
with  steam  dilution  of  1  :  3  by  weight.  A)  Yield 
on  mixture  of  alkyldioxanes  (I)  and  (II)  passed 
(in  mol.  %);  B)  input  space  velocity  of  mixtures 
of  alkyldioxanes  (I)  and  (II)  (in  ml/ml«cat»hr); 

C)  arbitrary  contact  time  (in  sec)  1)  Alkyl - 
dloxane  conversion  to  unsaturated  hydrocarbons; 
2)  isoprene  and  trans-piperylene  yield;  3)  alkyl¬ 
dioxanes  converted  to  carbon;  4)  unsaturated 
alcohol  yield. 


Fig.  2.  Conversion  of  a  mixture  of  alkyl¬ 
dioxanes  (I)  and  (n)  to  unsaturated  hydro¬ 
carbons  at  various  temperatures.  A)  Con¬ 
version  of  mixture  of  alkyldioxanes  (I)  and 
(II)  to  unsaturated  hydrocarbons  (in  mol.  %); 
B)  arbitrary  contact  time  (in  sec.).  Tem¬ 
perature  (in  *0:  1)  450,  2)  425,  3)  375.  4) 
350. 

The  reaction  mechanism  seemed  to  us  to  have 
the  following  form  according  to  the  experimental 
data  given  [it  is  illustrated  in  detail  for  4, 5 -dimethyl - 
1,3-dioxane  (I)]; 
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isomerization 
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isoprene 

CHaCH=CH-CU=CH, +  CH,0  +  11,0 
piperylene  (cis-  and  trans-) 


(2) 


Reaction  mechanism  scheme 


The  increase  in  the  reaction  rate  with  an  Increase  in  the  steam  concentration  appears  to  indicate  that  water 
participates  in  the  reaction,  producing  hydrolysis  of  the  alkyldioxane  (I).  The  first  stage  of  the  reaction  is  hydrol¬ 
ysis  of  (I)  to  the  diol;  2-methyl-l,3-butanedlol  (III).  Product  (III)  is  adsorbed  on  the  catalyst  and  is  dehydrated 
at  a  greater  rate  than  the  rate  of  its  possible  desorption  and  liberation  into  the  gas  phase;  therefore  it  is  not  found 
in  the  reaction  products.  Dehydration  of  (III)  proceeds  with  the  elimination  of  two  or  one  water  molecules  with 
conversion  to  isoprene  and  the  unsaturated  alcohols  (V)  and  (VI),  respectively  (these  alcohols  were  detected  by 
analysis,  but  were  not  identified). 

The  0  -unsaturated  alcohol  (V)  is  isomerized  on  the  catalyst  (which  has  an  acid  function)  to  2-methyl- 
butanal  (IV).  Isomerization  of  0  -unsaturated  alcohols  to  aldehydes  under  the  action  of  acidic  catalysts  was 
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TABLE  2 

Material  Balance  of  the  Catalytic  Conversion  of  a  Mixture  of  Alkyldloxanes  (I)  and  (n) 
over  a  "KSD*  Catalyst.  [Temperature  425*,  Input  space  velocity  of  alkyldloxanes  (I) and 
(II)  0.63  ml/ml*cat*hr,  alkyldloxane  dilution  with  water  1  :  3  by  weight,  catalysis  time 
4  hours;  143.6  g  (1.24  mole)  of  alkyldloxane  mixture  was  passed  during  the  experiment 
and  124.2  g  (1.07  mole)  reacted]. 


Product 

Amount  obtained 

Yield  on  alkyldloxanes 
fin  mm.  %) 

ing 

in  moles 

passed 

decomposed 

Isoprene 

Piperylene 

Butylene 

Undecomposed  alkyldloxanes 
(I)  and  (II) 

Unsaturated  alcohols* 
2-Methylbutanal  (IV) 

Carbon  on  catalyst 

Unaccounted  losses 

29.8 

17.7 

11.1 

16.1 

3.3 

8.7 

0.7 

0.438 

0.260 

0.198 

0.139 

0.039 

0.101 

0.0.58 

Ito  }  50-3 
16.0 

11.2 

3.1 

8.2 

0.8 

4.4 

41.0  1  -CO 
24.3  / 

18.6 

9.5 

a9 

5.7 

The  formaldehyde  yield  was  28.7  weight  %  on  the  dioxanes  decomposed. 


•The  unsaturated  alcohols  were  taken  to  be  equivalent  to  the  alkyldloxanes. 


Fig.  3.  Graph  of  distillation  of  the  diene  frac¬ 
tion  on  a  laboratory  column  of  35  theoretical 
plates.  A)  Temperature  (in  *C);  B)  refractive 
indexfnp*®);  C)  weight  of  fraction  (in  g). 


described  in  [5].  The  unsaturated  alcohol  (VI)  is  sub¬ 
sequently  dehydrated  to  isoprene.as  Is  indicated  by  the 
maximum  on  the  kinetic  curve  of  the  dependence  of  the 
yield  of  (VI)  on  contact  time  (Fig.  1). 

The  reaction  of  4-ethyl-l,3-dioxane  (II)  to  form 
piperylene  by  cleavage  proceeds  similarly. 

EXPERIMENTAL 

The  laboratory  apparatus  on  which  the  experiments 
were  performed  and  the  working  procedure  were  described 
previously  [1]  The  catalytic  process  parameters  and  the 
method  of  evaluating  the  experimental  results  were  de¬ 
scribed  in  the  same  place. 

The  catalyst,  the  standard  one  for  catalytic  con¬ 
version  of  alkyldloxanes  into  dienes  ("KSD*),  was  a  mix¬ 
ture  of  calcium  phosphates. 


Isomeric  dioxanes.  The  mixture  of  4,  5-dimethyl-l,3-dioxane  (I)  and  4-ethyl-l,3-dioxane  (II)  was  obtained 
by  reaction  of  an  n-butylene  fraction  containing  69.5«7o  of  2-butene  and  30.5%  of  1-butene  (determined  by  Infrared 
spectroscopy),  with  37%  formaldehyde  solution,  containing  3%  of  H2S04.  The  reaction  was  carried  out  in  a  BAZhM 
alloy  autoclave  at  120*;  in  3  hours  the  formaldehyde  conversion  reached  89.7%.  The  yield  of  dioxane  mixture  was 
90%  on  the  formaldehyde  converted. 

The  mixture  of  dioxanes  used  for  the  present  experiments  had  the  following  characteristics;  b  p.  133-135*np 
1.4220,  d^*®  0.9583.  The  dioxane  content  was  99.7%  and  the  content  of  unsaturated  alcohols  was  0.3%.  The 
separation  of  (I)  and  (II)  was  impossible  due  to  the  extreme  similarity  of  their  physical  properties. 

Analysis  methods.  Experiments  for  studying  the  conditions  of  catalytic  cleavage  of  alkyldloxanes  were 
evaluated  in  die  following  way;  the  total  content  of  unsaturated  hydrocarbons  in  the  gas  obtained  after  blowing 
through  the  catalyzate  heated  to  45*  was  determined  by  absorption  in  84%  HjSQ*  on  an  Orsat  apparatus.  The 
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diene  content  (Isoprene  trans-plperylene)  was  determined  by  absorption  by  maleic  anhydride  on  a  Bushmarin 
apparatus.  Under  these  conditions  cis-piperylene  does  not  react  appreciably  with  maleic  anhydride  [6].  The  dif¬ 
ference  between  the  total  content  of  unsaturated  hydrocarbons  in  the  gas  and  the  diene  content,  determined  on 
the  Bushmarin  apparatus,  was  taken  as  the  content  of  n-butylenes  and  cis-piperylene.  Thus  the  yield  of  dienes 
was  low  by  the  cis-piperylene  yield  and  the  yield  of  n-butylenes  was  correspondingly  high.  The  unsaturated 
alcohol  content  of  the  condensate  after  evaporation  of  the  hydrocarbons  was  determined  by  the  bromide -bromate 
method.  The  amount  of  "carbon*  on  the  catalyst  was  determined  from  the  weight  of  carbon  dioxide  in  the  regen¬ 
eration  gases  (from  the  increase  in  weight  of  ascarite  absorption  tubes). 

Balance  experiments.  In  balance  experiments,  the  catalysis  products  from  several  experiments  under  iden¬ 
tical  conditions  were  collected  together.  The  gas  collected  from  these  experiments  was  analyzed  as  above.  The 
condensate  from  all  the  experiments  was  distilled  on  a  column  of  45  theoretical  plates;  the  emergent  was  also 
collected  in  a  gasometer  and  analyzed  as  above.  A  series  of  fractions  were  collected  in  the  distillation.  The 
fraction  with  b.p  24-50*,  which  contained  practically  all  the  diene  hydrocarbons,  was  redistilled  with  a  high  reflux 
ratio  to  determine  the  ratio  between  isoprene  and  piperylene  (Fig.  3).  The  fraction  with  b.p.  50-80*  contained  the 
whole  of  the  methylbuta.nol  (IV),  which  distilled  as  an  azeotrope;  the  content  was  determined  by  the  hydroxyl - 
amine  method. 

The  fraction  with  b.p.  80-96*  was  a  two-layer  liquid.  Both  layers  were  analyzed  for  formaldehyde  (with 
hydroxylamine),  unsaturated  alcohols  (bromide -bromate  method),  and  alkyldloxanes  (by  hydrolysis  in  the  presence 
of  hydroxylamine  hydrochloride  [7]).  After  this  fraction  had  been  collected,  water  containing  4-5%  of  formaldehyde 
remained  In  tlie  distillation  flask. 

Identification  of  Reaction  Products 

Isoprene  was  Isolated  by  redlstlllation  of  the  diene  fraction  of  the  condensate;  It  had  b.p.  33.5-34.5T  n*®jj 
1.4202;  the  adduct  with  maleic  anhydride  had  m.p.  63.4-63.6*  (from  benzene);  0.1217  g  of  substance— 81  ml  of 
hydrogen  (normal  conditions). 

Found  ;  hydrogen  number  668. 

CsHj.  Calculated:  hydrogen  number  660. 

Literature  data  [8]:  b.p.  34*,  n^®^  1.4216;  m.p.  of  adduct  63-64*. 

Piperylene.  In  the  distillation  of  the  dienes,  the  piperylene  fraction  distilled  at  40-44*.  It  was  redistilled 
to  give  two  fractions:  I  (mainly  the  trans  Isomer)  with  b.p.  41-42*,  n^*®  1.4301  and  n  (mainly  the  cis  Isomer)  with 
b.p.  43.7-44.5*,  n^*®  1.4330;  0.1241  g  (total  fraction)— 83.2  ml  of  hydrogen  (normal  conditions);  the  adduct  with 
maleic  anhydride  (fraction  I)  had  m.p.  58.5*  (from  benzene);  a  mixed  melting  point  with  the  adduct  of  authentic 
piperylene  (from  the  Synthetic  Rubber  Plant)  was  not  depressed. 

Found:  hydrogen  number  670. 

CsHj.  Calculated:  hydrogen  number  660. 

Literature  data  [9]:  trans  isomer,  b.p.  41.7*,  n^*®  1.4300;  cis  isomer,  b.p.  43.8*,  n^*®  1.4360;  m.p.  of 
adduct  (for  trans  Isomer)  58.5*;  the  cis  Isomer  reacts  with  maleic  anhydride  very  slowly  [5]. 

2-Methylbutanal  (IV).  The  catalyzate  fraction  with  b.p.  50-80*  (upper  layer  after  salting  out)  was  dried 
and  redistilled;  a  sharp  fraction  of  (IV)  was  obtained:  b.p.  90-91*.  d4*®  0.8211,  n^*®  1.3945;  MRp  25. OL  calculated 
25.20;  the  product  (IV)  gives  an  azeotrope  with  water  with  b.p.  77*;  the  (IV)  content  of  the  azeotrope  is  88%. 

Found  %;  C  69.71,  H  11.66. 

CjHioO.  Calculated  %:  C  69.70,  H  11.58. 

2 .4 -Dinitrophenylhydrazone:  m.p.  127*  (from  alcohol). 

Found  %:  N  21.. 54 
CitHj4N4.  Calculated  %:  N  21.05 

Reduction  of  (IV)  to  alcohol  (2-methylbutanol-l).  56  g  of  (IV)  and  20  g  of  aluminum  ethylate  In  130  g  of 
absolute  ethyl  alcohol  were  heated  in  a  flask  with  a  reflux  condenser  for  4  hours  and  then  distilled.  We  collected 
40  g  of  product  with  the  constants;  b.p.  131-132*,  d4*®  0.8222,  n^^®  1.4090;  MR^^  26.45,  calculated  26.80. 
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Found  ojdi  OH  18.0 
Calculated  %:  OH  19.3. 

Unsaturated  alcohols.  Distillation  of  the  fraction  of  aqueous  condensate  with  b.p.  50-98*  (azeotropes) 
after  drying  yielded  fractions  with  b.p.  108-115*  and  115-125*,  which  were  shown  to  contain  67.0  and  55.3«jfc  of 
unsaturated  alcohols  by  the  hydroxyl  group  content  and  determination  of  the  unsaturated  alcohols  by  the  bromide - 
bromate  method.  These  fractions  were  not  investigated  further. 

SUMMARY 

1.  By  catalytic  cleavage  of  alkyldioxanes,  obtained  by  reacting  n-butylenes  with  formaldehyde,  it  is  pos¬ 
sible  to  synthesize  simultaneously  isoprene  and  piperylene  in  a  ratio  which  corresponds  approximately  to  the 
1-butene  and  2-butene  contents  of  the  n-butylene  fraction. 

2.  We  studied  the  process  conditions,  which  give  a  diene  yield  of  65  mol  ojoon  the  alkyldioxanes  decom¬ 
posed. 

3.  The  process  studied  had  a  lower  selectivity  than  the  analogous  processes  based  on  propylene  and  isobutyl¬ 
ene.  The  main  side  reactions  are  cracking  of  alkyldioxanes  to  form  n-butylenes  (16-19  mol.  <^)  and  the  formation 
of  the  aldehyde  2-methylbutanal  (9-10%).  The  latter  may  be  reduced  to  the  corresponding  alcohol. 
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BRIEF  COMMUNICATIONS 


SOLUTION  OF  ALUMINA  IN  FELDSPAR  MELTS 
B.  Z.  Petrova  and  A.  I.  Avgustinik 

In  recent  years  investigators  have  frequently  turned  to  alumina  as  a  material  for  increasing  the  mechan¬ 
ical  strength  of  ceramics.  Some  authors  have  explained  the  improvement  in  properties  thus  produced  by  the 
Introduction  of  a  component  (alumina)  with  a  high  modulus  of  elasticity,  strengthening  of  the  glass  phase  due 
to  solution  of  alumina,  and  crystallization  of  mullite  [1.  2].  The  literature  contains  limited  data  on  the  study 
of  the  crystalline  phases  of  porcelain  with  the  replacement  of  quartz  by  alumina  in  the  latter  [1].  However, 
there  have  been  no  Investigations  at  all  of  the  kinetics  of  alumina  solution  in  feldspar. 

As  glass  has  high  brittleness  and  low  mechanical  strength,  the  introduction  into  its  composition  of  oxides 
with  a  high  modulus  of  elasticity  should  improve  its  mechanical  properties. 

The  purpose  of  our  investigation  was  to  determine  the  effect  of  the  solution  of  alumina  in  feldspar  on  the 
microhardness,  microbrittleness,  and  elastic  properties  of  the  glass  phase  formed. 

Samples  for  the  investigation  were  prepared  from  a  mixture  of  potash. feldspar, and  alumina  by  moist  pres¬ 
sing  at  1000 kg/ cm*  and  a  moisture  content  of  7 -8*1/0  in  the  form  of  discs,  20  mm  in  diameter  and  3  mm  thick. 
The  composition  of  the  potash  feldspar  (in  <7o)  was;  SiOj  66.64,  AljOj  +  Ti02  18.53,  Te^Os  0.27,  CaO  0.72,  MgO 
0.09,  KjO  9.65,  Na20  3.22;  the  loss  on  firing  was  0.72.  The  alumina  was  first  fired  at  1600*  and  powdered  on  a 
vlbromill  with  subsequent  washing  in  20*7©  hydrochloric  acid.  The  extent  to  which  iron  was  washed  out  was  checked 
by  chemical  analysis.  The  compositions  of  the  mixtures  investigated  are  given  in  Table  1. 

TABLE  1 


Mixture  composition 


Mixture  No. 

Feldspar  (in</o) 

Alumina  (in  <yo) 

1 

95 

5 

2 

90 

10 

3 

85 

15 

4 

80 

20 

5 

75 

25 

The  samples  were  fired  in  a  Silit  furnace  at  1200,  1300,  1350,  1450,  1500,  and  1600*  and  kept  at  these 
temperatures  for  1  and  6  hours  with  the  temperature  raised  at  200*  per  hour. 

The  main  investigation  methods  were  x-ray  structural  quantitative  analysis  from  the  ionization  curves  on 
a  Giprotsement  apparatus  [3],  determination  of  the  microhardness  and  microbrittleness  on  a  PMT-3  apparatus 
[4-6],  and  microscopic  investigations  of  polished  sections  with  an  MIM-8  metallographlc  microscope  and  of 
transparent  sections  with  a  polarization  microscope. 
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TABLE  2 
X  -ray  Analysis  Data 


t  1  ^ 

5  c# 
oB 

1  Alumina  content  (ln%)  after  firing 

12000  1 

1300°  1 

1350° 

Sgy 

firing  time  (in  hrs) 

3E5 

1 

6 

1 

6 

1  1 

6 

4.5 

4.3 

4.25 

3.75 

3 

1 

10 

9 

8 

7.25 

5.75 

6.5 

4.25 

!.'■) 

14.5 

13.75 

13.75 

10.85 

9 

5.75 

20 

20.5 

17.75 

16.6 

14.2 

15 

11.5 

25 

25 

22 

22 

17.75 

17.75 

15 

A 

wV 


1000 


—i - 1 - 1 - —  B 

1200  mo  woo 


Fig,  1.  Effect  of  firing  temperature  on  the 
solution  of  alumina  in  feldspar  (AljOs-lO*^). 
A)  Alumina  residue  (in  %),  B)  firir^  tem¬ 
perature  (in  *C). 


Fig.  2.  Change  in  microhardness  of  glass  phase 
relative  to  the  depth  of  impression  of  the  pyr¬ 
amid.  Firii^  temperature  1300*.  firing  time 
1  hr.  A)  Load  on  pyramid  (in  g);  B)  impres¬ 
sions  with  cracks  (in  o]^.  AI2O3  content  (in  oj^- 
1)  25,  2)  20.  3)  15,  4)  10.  5)  glass  phase.  6) 

10<^  quartz,  7)  5<^  quartz. 

The  amount  of  undissolved  alumina  was  determined 
by  x-ray  analysis  on  powders  (passing  through  a  sieve  with 
10,000  holes/ cm’)  with  an  internal  standard  in  the  form  of 
chemically  pure  calcium  fluoride.  The  calculation  method 
was  given  in  a  previous  article  [7]. 


Fig.  3.  Change  in  microbrittleness  of  glass 
phase  relative  to  composition.  A)  Load  on 
pyramid  (in  g),  B)  impressions  (in  AI2O3 
content  (in  oj^x  1)  20,  2)  15.  3)  10,  4)  5. 

5)  10%  Si02,  6)  glass  phase. 


The  results  of  investigations  for  three  firing  tempera¬ 
tures  are  given  in  Table  2. 

The  relation  of  alumina  solution  to  firing  temperature 
for  a  composition  containing  10%  of  alumina  is  shown  in 
Fig.  1. 


For  the  determination  of  microhardness  and  microbrittleness  polished  samples  were  prepared  for  all  five 
mixtures  and  the  two  flrii^  temperatures  of  1300  and  1500*  (firing  time  1  hr). 


Strictly  identical  conditions  were  used  for  polishing  the  samples  to  decrease  the  scatter  of  the  readings  due  to 
to  nonidentical  sample  surfaces. 
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TABLE  3 

Results  of  Microscopic  Investigation  of  Transparent  Sections 


The  tnicrohardness  was  calculated  from  the 
formula 

//  =  1854  ~  (kg/mm*) 

where  P  is  the  load  (in  g)  and  d  the  size  of  the  diagonal 
of  the  impression  (in  n). 

For  each  sample  the  microhardness  was  deter¬ 
mined  for  50  impressions  with  measurement  of  two 
diagonals  and  the  size  of  each  diagonal  determined 
three  times.  The  nature  of  the  impression  and  the 
position  of  the  impression  (on  alumina  grains  or  on 
the  glass -phase  surface)  were  recorded  in  detail  in 
the  laboratory  notebooks. 

The  microbrittleness  was  determined  with  loads 
of  50,  100,  150,  and  200  g.  It  was  determined  as 
the  percentage  of  the  total  number  of  impressions 
with  cracks  [6].  The  nature  of  the  change  in  micro¬ 
hardness  and  microbrittleness  for  different  depths  of 
the  impression  from  the  pyramid  of  the  apparatus  is 
shown  in  Figs.  2  and  3. 

The  data  presented  above  make  it  possible  to 
draw  the  following  conclusions.  The  solution  of 
alumina  in  a  feldspar  melt  begins  practically  at 
1200*  or  slightly  lower.  Due  to  the  high  strength  and 
chemical  stability  of  corundum  the  solution  of  alumina, 
in  contrast  to  that  of  quartz,  proceeds  very  slowly. 
Complete  solution  of  20o/o  alumina  in  feldspar  is  ob¬ 
served  only  at  1600".  At  the  lower  temperatures  of 
1400  and  1500*.  examination  of  clear  sections  reveals 
the  presence  of  two  crystalline  phases:  alumina  and 
mullite  (Table  3). 

Ionization  curves  (Fig,  4)  confirmed  the  micro- 
structural  analysis  data.  X  -ray  patterns  obtained  by 
the  Debye  powder  method  did  not  show  the  presence 
of  mullite  even  with  25<yoAl203.  As  all  the  material 
presented  above  shows,  when  the  temperature  was 
raised  from  1200  to  1350*,  the  percentage  solubility 
of  AI2O3  increased  from  one  at  1200*  to  forty  at 
1350*.  Increasing  the  firing  time  from  1  hour  to 
6  hours  at  1300*  increased  the  solution  from  10  to  40%. 

Data  on  microhardness  and  microbrittleness  lead 
to  the  following  conclusions:  Alumina  itself  has  a  high 
microhardness  and  at  low  temperatures  when  fusion  of 
the  grains  is  minimal,  the  increase  in  microhardness  is 
connected  with  the  high  strength  of  corundum  itself. 

When  the  corundum  passes  into  the  melt,  the  glass  phase 
is  strengthened  dur  to  fusion  of  the  alumina.  As  In  the 
solution  of  quartz,  microsections  show  the  formation  of 
diffusion  layers  with  a  higher  refractive  index.  With  an 
increase  in  the  firing  temperature  and  the  firing  time  at  the 
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Fig.  4.  X-ray  patterns  of  AI2O3  solution  in  a  feldspar 
melt  at  different  temperatures.  A)  Firing  temperature 
1400*,  firing  time  1  hr  ,  B)  firing  temperature  IfiOO*, 
firing  time  1  hr.  AI2O3  content  (in  ‘7o);  1)  25,  2)  20, 

3)  15,  4)  25,  5)  20,  6)  15. 

final  temperature,  the  thickness  of  the  diffusion  layers  increases,  the  alumina  grains  gradually  fuse,  and  the 
microhardness  of  the  glass  phase  increases  correspondingly,  while  its  microbrittleness  falls. 
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APPLICATION  OF  THE  ARSENIC-SODA  METHOD 

TO  THE  PURIFICATION  OF  GASES 

WITH  A  HIGH  CARBON  DIOXIDE  CONTENT 

N.  I.  Brodskaya.  Yu.  D.  Kernos,  and  V.  P.  Teodorovich 
All-Union  Scientific  Research  Institute  of  Petrochemical  Processes 


A  number  of  industrial  gases  contain,  in  addition  to  hydrogen  sulfide,  large  amounts  of  carbon  dioxide, 
which  may  reach  2^%  and  more.  In  recent  years  the  arsenic -soda  method  has  been  developed  considerably  for 
freeing  gases  from  HjS.  As  the  experimental  operation  of  a  number  of  plants  has  shown,  this  method  makes  it 
possible  to  extract  H2S  selectively  with  the  formation  of  commercial  sulfur;  carbon  dioxide  remained  almost 
completely  in  the  gas.  However,  the  presence  of  large  amounts  ofC02  in  the  gas  could  reduce  the  pH  of  the 
arsenic -soda  solutions  and  this  could  lead  to  the  precipitation  of  arsenic  sulfide  from  the  working  solution. 

Up  to  the  present  time  the  arsenic -soda  method  has  been  used  for  purifying  gases  containing  not  more 
than  20<7((  COj.  Therefore,  it  was  interesting  to  check  the  possibility  of  using  it  for  purifying  gases  with  a  higher 
CPj  content. 

Experiments  were  carried  out  with  gases  containing  30  and  15  vol.  on  an  apparatus  whose  plan  is 

illustrated  in  the  figure.  The  gas  containing  15  vol.  %  CO2  was  chosen  for  comparison  purposes.  The  gas  to  be 
purified,  containing  15<yo  carbon  dioxide,  also  contained  82%  propane -propylene  and  3%  hydrogen  sulfide.  The 
gas  containing  30%  carbon  dioxide  also  contained  67%  propane -propylene  and  2. 6%  hydrogen  sulfide. 

The  propane -propylene  fraction  was  passed  from  tank  1,  through  rheometer  2  into  the  mixture  3,  which 
was  supplied  with  carbon  dioxide  from  tank  4,  through  rheometer  2.  The  gas  mixture  was  freed  from  H2S  in 
absorption  column  5.  into  which  was  poured  a  0.1  M  solution  of  Na2HAsS30.  Part  of  the  purified  gas  was  taken 
for  analysis  into  bubblers  6.  The  amount  of  gas  going  to  analysis  and  passing  through  the  bubblers  was  measured 
in  bottles  7.  An  experiment  lasted  for  one  hour  and  samples  taken  consecutively  for  analysis  showed  practically 
identical  degrees  of  purification.  The  average  percent  purification  is  given  in  the  table. 

The  data  obtained,  which  are  presented  in  the  table,  indicate  that  the  degrees  of  purification  and  also  the 
rates  of  purification  of  gases  containing  15  and  30%  CO2  were  similar  to  each  other.  The  degree  of  removal  of 
H2S  from  gases  containing  15%C02  was  75-85%  and  from  gases  containing  30%CO2i  79-8.5%. 

In  parallel  with  experiments  to  study  the  degree  of  purification,  an  investigation  was  made  of  the  stability 
of  the  arsenic -soda  solution  during  purification  of  gases  containing  30%  CO2.  Experiments  with  0.1  M  Na2HAsS90 
solution  showed  that  the  solution  was  quite  stable  both  during  the  actual  purification  of  the  gas  containing  1.5% 
CO2  and  also  during  subsequent  saturation  of  the  spent  solution  with  gases  free  from  H2S,  but  containing  15  and 
20%  002.  In  the  purification  of  gases  containing  30%  CO2,  the  solution  was  not  decomposed  during  the 
experiment  either. 

Decomposition  of  the  solution  with  the  precipitation  of  arsenic  sulfide  began  when  the  spent  solution  was 
subsequently  saturated  for  1  hour  with  gas  free  from  H2S,  but  containing  30-3.5%  00^.  A  similar  phenomenon 
could  be  observed  when  the  spent  solution  was  allowed  to  stand,  even  without  gases  passed  through  it. 

In  connection  with  the  results  obtained  it  was  interesting  to  investigate  the  stability  of  arsenic -soda  solu¬ 
tions  with  a  somewhat  higher  pH  value  during  the  purification  of  gases  containing  30%  002-  For  this  purpose 
we  prepared  solutions  in  which  the  Na  :  As  ratio  was  2.5  ;  1  and  not  2  :  1  as  in  the  experiments  described  above. 
In  an  investigation  of  this  solution  we  observed  no  decomposition  of  sodium  thioarsenate  either  in  the  purification 
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Plan  of  apparatus  for  freeing  gases  from  hydrogen  sulfide  with  arsenic - 
soda  solution.  1)  Tank  of  propane -propylene  fraction;  2)  rheometers; 

3)  mixer;  4)  carbon  dioxide  tank;  5)  column  with  arsenic -soda  solution; 
6)  bubblers;  7)  bottles. 


Removal  of  Hydrogen  Sulfide  from  Gas  with  Arsenic -Soda  Solution 
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of  gases  containing  15%  CO;  or  of  gases  containing  30%  CO;.  However,  when  the  spent  solutions  were  allowed  to 
stand  for  3  hours,  the  solution  saturated  with  gas  containing  30%  CO;  became  turbid  due  to  the  precipitation  of 
arsenic  sulfide. 

The  investigation  of  the  stability  of  solutions  when  gas  containing  30%  CO;,  but  free  from  H;S,  was  passed 
through  them  was  connected  with  the  fact  that  under  industrial  conditions,  in  the  upper  part  of  the  scrubber  the 
absorbent  is  in  contact  with  gas  that  has  already  been  freed  from  H;S  in  the  lower  layer  of  the  scrubber. 

Thus,  as  a  result  of  these  experiments  we  can  conclude  that  arsenic -soda  solution  can  be  used  for  purifica¬ 
tion  of  gases  containing  up  to  30%  CO;,  but  the  composition  of  the  solution  should  be  somewhat  different  from 
that  for  gases  containing  15%  CO;.  In  this  case  the  ratio  of  soda  to  arsenic  should  be  somewhat  higher. 
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VISCOSITY  OF  MELTS  OF  THE  BINARY  SYSTEMS  NaF-MgF, 
and  N as  A  IF  j— Na  MgF3 

M.  M.  Vetyukov  and  V.  Ya.  Nikitin 
M.  I.  Kalinin  Leningrad  Polytechnic  Institute 

It  has  long  been  the  practice  to  introduce  magnesium  fluoride  into  the  electrolytes  of  aluminum  baths  to 
raise  the  technical  economic  Indices  of  the  electrolysis  [1,  2],  but  the  physicochemical  properties  of  electrolytes 
with  the  additive  have  not  yet  been  studied  sufficiently. 

According  to  the  melting-point  diagram  [3],  the  binary  system  NaF— MgFj  contains  the  congruent  chemical 
compound  NaMgFs.  First  of  all,  it  seemed  interesting  to  determine  the  behavior  of  this  chemical  compound  on 
fusion,  i.e.,  to  obtain  information  on  the  stability  of  the  corresponding  complexes  in  the  liquid  phase.  For  this 
purpose  the  viscosity  of  melts  of  the  binary  system  NaF  — N^Fj  was  investigated. 

In  addition,  a  study  of  the  viscosity  of  the  binary  system  NasAlFg— NaMgFs  was  of  importance  for  the  pur¬ 
poses  of  practical  aluminum  electrolysis. 

The  viscosity  was  measured  with  a  torsion  balance  viscometer.  The  apparatus  and  experimental  and  cal¬ 
culation  procedures*  were  described  in  detail  previously  [3]. 

The  starting  materials  were  'pure*  grade  sodium  and  magnesium  fluorides  and  sublimed  aluminum  fluoride. 

Binary  system  NaF— MgFs.  In  the  case  of  this  binary  system  we  studied  the  temperature  dependence  of 
viscosity  for  10  melts  over  the  range  of  MgFs  concentrations  from  0  to  80  mol.  Melts  with  a  higher  MgFj  con¬ 
tent  could  not  be  investigated  due  to  their  high  melting  points.  The  experimental  data  are  presented  in  Table  1. 

These  data  were  used  to  draw  viscosity  polytherms,  from  which  were  constmcted  the  Isotherms  illustrated 
in  Fig.  1.  The  same  figure  also  shows  the  melting-point  diagram  and  the  viscous  flow  activation  energy,  cal¬ 
culated  from  Frenkel’s  formula  [4]. 

As  can  be  seen,  the  viscosity  increased  with  an  Increase  in  the  magnesium  fluoride  ccxicentration.  The 
Isotherms  showed  an  appreciable  inflection  above  the  chemical  compound  NaMgFs.  Their  sigmoid  form  was 
typical  of  systems  with  chemical  interaction  of  the  components.  The  presence  of  complexes  in  the  melt  was 
indicated  similarly  by  a  maximum  on  the  activation- energy  curve. 

As  regards  the  structure  of  the  melts,  they  may  be  regarded  as  ionic  liquids.  Sodium  fluoride  is  a  typical 
heteropolar  compound  and  ma|;neslum  fluoride  is  the  same,  though  it  also  contains  covalent  bonds.  Mixing 
yielded  melts  consisting  of  Na  ,  Mg*''^,  and  F‘  ions,  arranged  in  close  order.  When  the  composition  was  close  to 
equimolecular,  there  arose  in  the  melt  temporarily  ordered  groupings  of  ions— complex  anions. 

As  regards  the  nature  of  the  complex  former.  In  the  past  the  opinion  was  put  forward  [5]  that  It  was  Na^, 
giving  NaFs'  anions.  However,  this  opinion  contradicts  contemporary  ideas  on  the  structure  of  molten  salts  and, 
in  particular,  crystallochemistry. 

Actually,  according  to  Pauling,  the  radii  of  Mg*"^  and  Na"^  ions  are  0.65  A  and  0.95  A  ,  respectively. 

Their  generalized  moments,  characterizing  the  strengths  of  the  electrical  fields  of  the  ions,  are  In  the  ratio 


•The  densities  of  the  melts  required  for  the  calculation  were  taken  from  the  data  of  A.  A.  Kostryukov  and 
V.  P.  Bodrov. 
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table  1  TABLE  2 

Temperature  Dependence  of  the  Viscosity  of  Melts  of  the  System  NaF-MgFj  Temperature  Dependence  of  the  Viscosity  of  Melts 

of  the  System  NajAlFj-NaMgF3 
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Fig.  1.  Properties  of  melts  of  the  binary  system  Fig.  2.  Properties  of  melts  of  the  binary  system 

NaF-MgF|.  1)  Melting-point  diagram  [8];  viscosity  NajAlFj— NaMgF3.  1)  Melting-point  diagram 

Isotherms  at  the  following  temperatures  (In  *C):  2)  [8];  viscosity  isotherms  at  the  temperatures 

10, SO;  3)  1100;  4)  1150;  .5)  1200;  6)  viscous  flow  (in  ’C):  2)  1200;  3)  1150;  4)  1100;  5)  1050; 

activation  energy.  6)  viscous  flow  activation  energy. 

1  :  0.23.  Hence  it  follows  that  the  melt  contains  the  complex  ions  MgFj*  and  not  NaFs~.  This  is  also  Indicated 
by  the  ratio  of  the  energies  of  formation  of  the  complex  ions,  calculated  by  the  formula  presented  in  A.  A. 
Grinberg’s  book  [6],  as  this  energy  is  found  to  be  a  factor  of  3.7  greater  for  the  ion  MgFj”  than  for  NaF|'. 

It  Is  interesting  to  compare  the  system  examined  with  two  others;  NaF— CaF|  and  NaF— AIF3.  Complex 
formation  does  not  occur  in  the  first  of  these  [7]. 

The  second  system  has  a  stable  compound,  cryolite.  The  complex  anions  corresponding  to  it,  AlFg*^,  are 
more  stable  than  MgFf ,  which  is  confirmed  by  a  clearer  dystectic  on  the  melting-point  diagram  and  sharper 
maxima  on  the  viscosity  and  density  isotherms  [3]  and  is  explained  by  the  ratio  of  the  radii  of  Al’*^  and  Na'*'  ions 
(1  :  1.9)  and  their  generalized  moments  (1  :  0.09). 

Binary  system  Na3AlF3-NaMgF3.  In  the  case  of  this  system  we  studied  the  temperature  dependence  of 
viscosity  for  five  melts  (Table  2). 

The  isotherms  constructed  from  these  data  had  a  monotonlc  form  (Fig.  2),  indicating  the  absence  of  inter¬ 
action  of  the  system  components.  This  was  also  indicated  by  the  constancy  of  the  viscous  flow  activation  energy. 

From  the  point  of  view  of  aluminum  electrolysis,  it  is  important  to  note  that  magnesium  fluoride,  introduced 
into  the  electrolyte  In  up  to  6  weight  %  is  evidently  completely  bound  in  the  compound  NaMgF3.  Thus,  the  ac¬ 
tivity  of  Mg*'*'  cations  is  reduced,  promoting  the  displacement  of  their  discharge  potential  to  the  more  negative 
side.  Apparently,  as  a  result  of  this,  hardly  any  magnesium  is  liberated  together  with  aluminum,  though  their 
electrode  potentials  are  quite  close  and  magnesium  dissolves  readily  in  liquid  aluminum. 

SUMMARY 

By  a  study  of  the  viscosity  of  melts  of  the  binary  systems  NaF-MgF|  and  Na3AlFj-NaMgF3,  which  are 
important  in  the  theory  and  practice  of  the  electrolytic  production  of  aluminum,  it  was  shown  that  the  form  of 
the  viscosity  isotherms  and  the  activation-energy  curve  for  the  binary  system  NaF-MgFi  confirms  the  existence 
in  the  molten  state  of  the  chemical  compound  NaMgF3,  which  was  previously  detected  by  thermal  analysis.  Some 
ideas  are  put  forward  on  the  structure  of  melts  corresponding  to  this  complex  compound. 
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NEW  METHOD  OF  PREPARING  HOMOGENEOUS  FERROMAGNETIC  POWDERS 
WITH  A  HIGH  DEGREE  OF  DISPERSION 

Yu.  S.  Lopatto 

Kurnakov  Institute  of  General  and  Inorganic  Chemistry,  Academy  of  Sciences,  USSR 

Contemporary  technology,  especially  radio  technology,  requires  finely  dispersed  ferromagnetic  powders. 
However,  comparatively  little  Is  known  of  such  powders  satisfying  technical  requirements.  They  include  iron 
carbonyl,  ferrocarts,  and  special  magnetic  powders  based  on  iron,  cobalt,  etc.  All  these  powdered  materials  are 
obtained  as  a  result  of  complex  technical  processes  and  they  are  for  the  most  part  inhomogeneous  as  regards  parti¬ 
cle  size,  so  that  high-quality  and  homogeneous  material  is  expensive.  Magnetic  powders  are  prepared  in  the  fol¬ 
lowing  way,  for  example:  Finely  powdered  iron  oxide  is  subjected  to  prolonged  reduction  in  a  stream  of  hydrogen 
in  special  furnaces.  Sometimes  such  powders  are  obtained  by  thermal  decomposition  of  ferrous  oxalate  or  iron 
pentacarbonyl  [FeC204-  2H2O  and  Fe(CO)5l  However,  though  these  powders  are  fine,  they  are  readily  oxidized  in 
air,  often  pyrophoric,  and  inconvenient  in  use.  There  are  ferromagnetic  pastes  produced  by  treatment  of  ferric 
salts  with  [NH4tS3  solutions  [1].  The  black,  pasty  substance  is  readily  molded  and  has  high  magnetic  indices, 
but  is  very  unstable  chemically,  decomposes  when  pressed,  is  pyrophoric,  and  continually  liberates  hydrogen  sul¬ 
fide.  The  average  particle  size  of  ferromagnetic  powders  obtained  by  these  methods  reaches  100-150  and 
powders  with  a  grain  size  of  lOy  are  obtained  with  great  difficulty.  In  the  production  of  ferromagnetic  antennas, 
magnetic  circuits  of  generators  with  a  wide  frequency  range,  and  many  others  there  is  a  pressing  need  for  mag¬ 
netic  powders  that  are  homogeneous  as  regards  grain  size  and  have  a  particle  size  of  the  order  of  1  y  and  less. 

The  possibility  of  preparing  ferromagnetic  powders  in  an  aqueous  medium  was  demonstrated  in  the  work  of 
Katsuray  and  Fuda  [2]  and  Jamagutchi  [3].  Independent  of  these  authors .  we  observed  the  formation  of  a  ferro¬ 
magnetic  precipitate  from  solutions  and  gave  the  technology  of  its  formation. 

We  were  able  to  prepare  a  ferromagnetic  powder 
with  a  particle  size  less  than  1  y  in  the  following 
way:  An  aqueous  solution  of  a  ferrous  salt  [for 
example,  FeS04' 7H2O  or  (NH4)2Fe(S04)2  ’  6H2O]  was  treat¬ 
ed  with  excess  lOfl/o  NH4OH  solution  to  a  definite  smell  of 
ammonia  and  the  reaction  mixture  boiled  in  air  for  about 
,two  hours.  The  paste  gradually  darkened,  changing  from 
a  light-blue  color  to  dark  green,  and  then  it  rapidly  ac¬ 
quired  a  velvety^ black  color.  This  marked  the  end  of  the 
reaction. 

The  finely  crystalline  precipitate  readily  settled 
and  the  precipitation  rate  was  Increased  in  a  magnetic 
field.  The  precipitate  was  washed  with  water  several 
times  by  decantation  and  then  separated  on  a  filter  and 
dried  at  room  temperature.  In  the  dry  state  the  substance 
was>a  fine,  mat-black  powder  with  clearly  expressed  ferromagnetism. 

On  analysis  of  the  powder  it  was  found  that  with  firing  in  air  the  weight  of  100  mg  of  powder  increased  to 
0.1032  g,  i.e.,  by  3.2%  Theoretically  the  increase  in  weight  should  be  3.40/0,  Titration  with  permanganate 


A 


Thermogram  of  ferromagnetic  powder.  A) 
Temperature  (  in  *C);  B)  time. 
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showed  that  the  powder  contained  about  of  ferrous  iron,  which  agrees  well  with  the  theoretically  calculated 
content  of  24.15^o  [by  the  reaction  2Fej04  +  Vs  02->  SFcsOsl- 

All  that  has  been  said  above  indicated  that  we  were  dealing  with  FejO^  or  Fe[Fe02l2. 

A  thermogram  was  plotted  in  air  and  it  is  shown  in  the  figure. 

As  the  figure  shows,  there  was  one  exothermal  effect.  The  analysis  showed  that  Fe20s  was  formed  at  .“iSO*. 

A  ferromagnetic  powder  may  be  obtained  by  using  KOH,  NajCOs.  NH^OH,  etc.,  as  precipitants.  Syntheses 
could  start  from  an  aqueous  solution  of  ferric  chloride,  to  which  was  added  rongalite  (NaHS02‘  F^CO-  2H2O)  with 
slight  acidification  of  the  solution  with  hydrochloric  acid.  Sufficient  rongalite  was  taken  for  reduction  of  30-3fi^ 
of  the  ferric  iron  to  ferrous;  Instead  of  reducing  part  of  the  ferric  iron,  it  was  possible  to  take  a  mixture  of  ferrous 
and  ferric  iron  in  a  ratio  of  1  :  2.  After  this,  a  slight  excess  of  KOH  was  added  to  the  solution  and  the  reaction 
mixture  heated. 

However,  the  ferromagnetic  powder  was  best  precipitated  with  a  KK^o  solution  of  NH4OH  and  this  gave 
high-quality  precipitates. 

The  chemistry  of  FcsO^  formation  may  be  explained  in  the  following  way:  It  can  be  assumed  that  treat¬ 
ment  of  a  solution  of  ferrous  salts  with  an  alkaline  reagent  forms  complicated  and  unstable  complex  compounds, 
for  example,  ammoniates  when  NHtOH  is  used  and  aquc^ydroxo  complexes  in  the  case  of  KOH  or  Na2COs;  these 
compounds  are  gradually  decomposed  by  heating  and  under  the  action  of  atmospheric  oxygen.  The  Fe(OH)3  mole¬ 
cules  obtained  under  these  conditions  are  very  active  and  readily  lose  a  water  molecule  to  form  ferric  acid: 
2Fe(OH)3-+  H2[Fe204]  +  2H2O.  The  hydrogen  of  this  acid  is  readily  replaced  by  ferrous  ions  and  the  salt  formed 
precipitates  in  the  form  of  a  crystalline  precipitate.  In  addition,  the  excess  NH4OH,  which  participates  in  the 
process,  volatilizes  from  the  surface  of  the  heated  solution  and  hinders  absorption  of  atmospheric  oxygen  by  the 
solution.  Prolongation  of  the  formation  of  the  magnetic  powder  improves  its  quality, as  with  a  slow  process  the 
amount  of  nonmagnetic  Fe(OH)3  and  iron  oxyhydroxide,  which  are  inert  constituents  in  the  precipitate,  was  found 
to  be  minimal. 

The  ferromagnetism  could  not  be  measured  accurately  as  it  was  found  to  be  considerably  higher  than  the 
resolving  capacity  of  the  available  apparatus.  In  a  rough  measurement  on  a  molding  (pressed  at  150  atm),  the 
permeability  was  found  to  be  close  to  5. 

Preliminary  experiments  showed  that  the  magnetic  powder  can  find  wide  application  in  the  production  of 
magnetites,  ferromagnetic  tape,  and  magnetic  circuits,  in  the  magnetic  detection  of  defects  in  steel  and  iron 
articles,  and  in  the  production  of  current-carrying  devices,  replacing  graphite,  as  the  ferromagnetic  powder  has 
metallic  electrical  conductivity.  In  addition,  it  is  used  in  the  lubrication  of  ground-glass  Joints  of  apparatuses 
containing  alkali,  replacing  graphite;  when  incorporated  in  a  cellulose  nitrate  varnish,  the  powder  gives  a  black, 
mat  paint  with  good  covering  power.  This  paint  may  be  used  for  painting  the  Inside  surfaces  of  optical  equip¬ 
ment. 


When  the  synthesis  is  carried  out  in  a  thoroughly  cleaned  vessel,  a  mirror  is  formed  on  the  surface  of  the 
latter,and  this  conducts  an  electric  current  so  that  the  substance  can  replace  aquadag. 
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ELECTRODEPOSITED  COATING  OF  ANTIMONY 
AND  ITS  PROPERTIES 

N.  P.  Fedot’ev,  S.  Ya.  Grilikhes,  and  I.  B.  Naryshkina 


As  is  known,  antimony  prepared  metallurglcally  is  a  silvery-white,  shiny,  friable  metal.  It  does  not  dissolve 
in  alkalis  or  hydrochloric  or  dilute  sulfuric  acids.  These  general  characteristics  apply  to  electrodeposited  coatings, 
but  must  be  supplemented  by  information  on  the  protecting  power  and  mechanical  properties  of  antimony  deposits. 
The  data  in  the  literature  largely  concern  the  preparation  of  coatings  and  deal  little  with  their  properties. 

In  this  work  we  investigated  the  electrode  processes  during  antimony  deposition  from  a  citric  acid  electrolyte 
and  the  properties  of  these  coatings. 

The  antimony  was  deposited  from  an  electrolyte  of  the  following  composition:  antimony  tri oxide  50-55 
g/ liter,  potassium  citrate  144  g/ liter,  and  citric  acid  (total)  139  g/ liter.  The  pH  of  the  solution  was  3. 5-3.7 [1]. 
Soluble  antimony  anodes  were  used  in  electrolysis.  The  antimony  was  deposited  on  steel  on  a  copper  sublayer. 

An  Investigation  of  the  effect  of  electrolyte  composition  and  electrolysis  conditions  on  the  metal  current 
yield  and  quality  of  the  coating  showed  that  with  a  cathode  current  density  up  to  0.5  a/  dm*  the  current  yield 
depended  little  on  the  antimony  trloxide  concentration  over  a  range  of  25-100  g/liter  of  Sb2C)3.  With  a  further 
Increase  in  trioxide  concentration,  the  current  yield  increased.  With  an  Increase  in  current  density  there  was  a 
decrease  in  current  yield,  which  was  greater  the  lower  the  trioxide  concentration  (Fig.  1).  The  working  range  of 
current  densities  increased  with  an  increase  in  the  trioxide  concentration.  With  an  increase  in  current  density  the 
external  appearance  of  the  deposits  changed  from  a  mat  light  gray  to  a  shiny  surface.  The  shiny  coatings  were 
cracked.  Dense  deposits  were  obtained  at  an  antimony  trloxide  concentration  of  50  g/liter  in  the  solution  and 
current  densities  of  0.2-2  a/ dm*.  Stirring  the  electrolyte  made  it  possible  to  raise  the  current  density  to  3  a/ dm*. 
The  addition  of  1  g/liter  of  sodium  2,7 -naphthalene-disulfonate  to  the  electrolyte  gave  semishiny,  uncracked 
antimony  coatings. 

An  increase  in  the  temperature  from  20  to  70*  had 
practically  no  effect  on  the  current  yield,  but  the  external 
appearance  of  the  deposits  deteriorated— they  were  gray 
and  coarsely  crystalline. 

Antimony  deposition  from  a  citric  acid  electrolyte 
was  accompanied  by  very  little  polarization. 

With  a  current  density  up  to  0.8  a/ dm*  the  antimony 
anode  dissolved  to  give  lOO^o  current  yield.  At  current 
densities  above  0.8  a/ dm*  the  anode  was  passivated  and  a 
dark,  crumbly  deposit  formed  on  its  surface,  oxygen  began 
to  be  evolved,  and  the  current  yield  fell  (Fig.  2).  When 
the  polarizing  current  was  switched  off,  the  passive  film 
dissolved  in  the  electrolyte. 

The  anode  polarization  curves  plotted  for  a  citric 
acid  electrolyte  showed  the  existence  of  a  limiting  cur¬ 
rent  plateau.  The  addition  of  sodium  2,7-naphthalene- 


A 


Fig.  1.  The  effect  of  current  density  on  cathode 
current  yield  at  different  Sb2C)3  concentrations 
in  the  electrolyte.  A)  Cathode  current  yield  (in 
%);  B)  current  density  (in  a/ dm*).  Sb20s  (in 
g/llter):  1)  25,  11)  50,  111)  100. 


2876 
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Fig.  2.  The  effect  of  current  density  on  anode 
current  yield.  A)  Anode  current  yield  (In  o/f)! 
B)  current  density  (In  a/ dm*). 


Fig.  3.  The  effect  of  current  density  on  the 
antimony  anode  potential.  A)  Current  density 
(in  a/ dm*);  B)  potential  (in  v).  I)  Electrolyte 
without  naphthalenedlsulfonlc  acid;  U)  electro¬ 
lyte  with  1  g/ liter  of  naphthalenedlsulfonlc 
acid. 


disulfonate  to  the  bath  Increased  the  limiting  current 
density  somewhat.  In  the  curves  In  Fig.  3.  the  poten¬ 
tial  values  are  given  relative  to  the  hydrogen  scale. 

A  comparison  of  cathode  and  anode  current  yields 
showed  that  under  working  conditions  when  the  anode 
current  density  did  not  exceed  0.8  a/ dm*,  they  were 
equal  and  were  approximately  100<yo. 

Antimony  coatings  obtained  under  optimal  elec¬ 
trolysis  conditions  were  readily  polished  to  a  mirror 
finish.  The  polished  coatings  had  a  bluish  tinge  and  did 
not  darken  from  handling  or  prolonged  contact  with  air. 

In  contrast  to  metallurgical  antimony,  elec  trod  eposlted 
antimony  coatings  were  not  very  friable.  In  a  test  for 
strength  of  adhesion  to  the  base  metal  by  bending  a 
sample  covered  with  an  antimony  layer  20  ^  thick  through 
180*  until  the  sample  broke,  no  cracking  or  crumbling  of 
the  coating  was  observed. 

Three  types  of  corrosion  tests  were  carried  out;  In 
3%  NaCl  solution,  In  a  desiccator  with  98«7o  relative 
humidity,  and  in  a  heat  and  moisture  chamber  under  the 
following  conditions:  9  hours  at  35*  and  98fl/o  relative 
humidity,  then  for  15  hours  at  20-22“,  when  dew  precip¬ 
itated.  The  duration  of  each  type  of  test  was  28  days. 
Nickel  coatings  were  tested  at  the  same  time  as  the 
antimony  coatings.  The  thickness  of  the  deposits  was 
20 y  in  each  case.  After  the  tests  in  the  desiccator  and 
the  heat  and  moisture  chamber,  no  traces  of  corrosion 
were  observed  on  the  samples  covered  with  antimony. 

In  tests  with  NaCl  solution  the  antimony  coatings  lost 
their  shine  and  a  white,  friable  film  of  corrosion  prod¬ 
ucts  formed  on  them.  No  corrosion  of  the  base  metal 
was  observed  In  any  case.  The  corrosion  resistance  and 
protecting  power  of  the  antimony  coating  differed  little 
from  those  of  the  nickel  coating. 


The  microhardness  of  the  antimony  deposits  was  117  kg/ mm*.  The  contact  resistance  with  point  contact 
and  100  g  pressure  was  0.018  0  and  with  10  g  pressure,  0.078  f). 


SUMMARY 

1.  The  cathode  and  anode  current  yields  during  antimony  deposition  from  a  citric  acid  electrolyte  under 
working  conditions  when  the  anode  current  density  did  not  exceed  0.8  a/ dm*  were  about  100%.  An  Increase  In 
the  anode  current  density  resulted  in  passivation  of  the  anode  and  a  decrease  In  the  anode  current  yield. 

2.  Antimony  coatings  are  similar  In  protecting  power  and  corrosion  resistance  to  nickel  coatings  of  the 
same  thickness. 
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EFFECT  OF  ALKALI  AND  ALKALI  EARTH  METALS 
ON  THE  CURRENT  YIELD  OF  ZINC 

IN  THE  ELECTROLYSIS  OF  ALKALINE  AND  ACID  SOLUTIONS 

M.  D.  Zholudev 


In  an  article  from  our  laboratory  [1],  the  hypothesis  was  put  forward  that  during  the  electrolytic  prepara¬ 
tion  of  zinc  from  sulfate  solutions,  the  presence  of  alkali  and  alkali  earth  metal  ions  decreases  the  current  yield 
of  zinc, as  at  sufficiently  high  concentrations  of  these  ions  in  the  electrolyte  they  are  discharged  simultaneously 
with  zinc  ions  to  form  an  intermetallic  compound  on  the  cathode.  In  support  of  this  hypothesis  the  authors  gave 
mainly  the  values  of  the  cathode  potentials  which,  with  sodium  ions,  for  example,  present  in  the  solution,  were 
more  electropositive  at  low  current  densities  than  in  pure  zinc  solutions  and  became  more  electronegative  with 
an  increase  in  current  density.  The  authors  considered  that  the  more  positive  potentials  in  the  presence  of  sodium 
Indicated  the  solution  of  its  intermetallic  compounds  with  zinc,  while  the  Increase  in  potential  in  a  negative  direc¬ 
tion  with  an  increase  in  current  density  indicated  the  phenomenon  of  "cathodic  protection*  by  these  intermetallic 
compounds. 

Literature  sources  [2,  3]  state  that  zinc  gives  the  compounds  NaZn4,  NaZnn,  NaZni2  and  NaZn^s  with  sodium, 
but  there  are  no  data  on  the  heats  of  formation  of  these  compounds  in  the  usual  handbooks  [4-7].  If  these  compounds 
exist,  their  heats  of  formation  should  be  high  and  the  alloys  should  be  stable. 

Lately,  in  studying  the  electrolysis  of  solutions  of  sodium  zincate  [8],  we  reexamined  the  problem  of  the  ef¬ 
fect  of  alkali  metals  on  the  electrodeposition  of  zinc;  such  an  effect  should  appear  much  more  strongly  in  a  con¬ 
centrated  sodium  hydroxide  solution  than  in  acid  zinc  sulfate  solutions;  it  was  considered  that  the  sodium  ions 
would  affect  the  formation  of  zinc  sponge  in  alkali  solutions,  especially  at  low  current  densities. 

In  order  to  check  these  hypotheses,  we  measured  the  current  yields  of  zinc  in  the  electrolysis  of  zincate 
solutions  containing  from  1  N  to  12  N  free  alkali  and  a  constant  zinc  concentration  of  15  g/ liter  and  these  were 
found  to  be  equal  and  practically  100%  in  all  cases.  A  qualitative  analysis  of  zinc  deposits  obtained  from  zincate 
and  sulfate  solutions  with  sodium  ions  added  (50  g/ liter)  showed  that  sodium  was  absent  from  the  cathodic  zinc. 

The  emf  of  a  cell  consisting  of  zinc  prepared  by  electrolysis  of  pure  zinc  sulfate  solution  and  zinc  prepared  from 
acid  and  alkaline  solutions  in  the  presence  of  sodium  ions  equaled  zero.  In  order  to  avoid  the  effect  on  the  emf 
of  rapid  leaching  of  sodium  from  the  alloy,  the  latter  was  constantly  cleaned  off  with  a  piece  of  sharp  glass. 

These  experiments  raised  doubts  about  the  possibility  of  the  simultaneous  deposition  of  alkali  and  alkali 
earth  metals  and  zinc  on  the  cathode.  The  previous  experiments  [1]  required  checking  with  purer  solutions  and 
for  longer  electrolysis  times. 

As  cathodes  we  used  a  rotating  disc  electrode  and  a  stationary  cylinder  of  TsV  grade  zinc;  at  low  current 
densities  there  was  no  difference  in  the  hydrogen  current  yields.  Solutions  of  chemically  pure  zinc  sulfate  and 
sulfuric  acid  were  treated  with  a  direct  current  of  low  strength  with  platinum  electrodes  for  15  days.  The  current 
yield  of  zinc  was  determined,  as  previously  [9],  by  trapping  the  hydrogen  liberated  at  the  cathode  to  obtain  the 
so-called  current  yield  of  hydrogen.  We  previously  described  [10]  the  procedure  for  measuring  potentials  on  a 
rotating  disc  cathode.  The  results  of  our  measurements  of  the  current  yield  of  hydrogen  and  the  cathode  poten¬ 
tials  in  pure  acid  solutions  of  zinc  sulfate  and  in  the  presence  of  sodium,  magnesium,  and  calcium  ions,  and  also 
analogous  measurements  from  previous  work  in  our  laboratory  [1,  9]  are  shown  in  Figs.  1  and  2.  The  current  yields 
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Fig.  1.  Current  yield  of  hydrogen  during  the 
electrolysis  of  sulfate  solutions  containing  60 
g/ liter  of  Zn  and  100  g/ liter  of  H2SO4  for  pure 
solutions  and  for  solutions  with  sodium,  magne¬ 
sium,  and  calcium  ions  added  to  the  electrolyte 
in  relation  to  current  density  at  30*.  A)  Current 
yield  of  hydrogen  (in%);  B)  logarithm  of  current 
density  (in  a/cm^);  C)  current  density  (in  a/ cm^). 
1)  Pure  solution  and  solution  with  added  Na"*^  (50 
g/ liter),  Mg'*^  ''  (25  g/ liter),  and  Ca’^'*'  (saturated) 
—data  from  present  work;  1^)  pure  solution— 
Pecherskaya’s  data;  2-5)  Tutomshlna’s  data:  2) 
pure  solution;  3)  Ca'*^'^  (saturated);  4)  Mg'^'*'  (25 
g/ liter);  5)  Na^  (50  g/ liter). 


Fig.  2.  Cathode  potentials  in  the  electro¬ 
lysis  of  sulfate  solutions  containing  60  g/ liter 
of  Zn  and  100  g/ liter  of  H2SO4  for  pure  solu¬ 
tions  and  with  sodium,  magnesium,  and  cal¬ 
cium  ions  added  to  the  electrolyte  in  relation 
to  current  density  at  30*.  A)  Cathode  poten¬ 
tial  (in  v);  B)  logarithm  of  cunent  density 
(in  a/ cm*);  C)  current  density  (in  a/ cm*). 

1)  Pure  solution— Pecherskaya’s  data  2-3) 
present  work:  2)  Mg^"*"  (25  g/ liter),  Na'*’ 

(50  g/ liter);  3)  pure  solution;  4-7)  Turomshlna’s 
data:  4)  pure  solution;  5)  Ca'*’’^  (saturated);6) 
Mg^"*^  (25  g/liter);  7)  Na^  (50  g/llter). 


of  hydrogen  which  we  measured  (Fig.  1,  curve  1)  In  pure  solutions  agreed  with  the  data  of  Pecherskaya  (broken 
line)  and  were  considerably  less  than  the  yields  determined  by  Turomshina  (Fig,  1,  curve  2);  evidently,  in  the 
latter  work,  [1]  despite  recrystallization  of  the  salt,  the  purity  of  the  solution  was  Insufficient  for  absolute  com¬ 
parisons.  According  to  our  observations,  the  current  yield  of  hydrogen  hardly  changed  when  pure  sodium,  mag¬ 
nesium,  and  calcium  salts  were  added  to  the  electrolyte.  In  any  case,  the  small  fall  In  the  current  yield  of  zinc 
and  the  very  small  rise  in  the  cathode  potential  may  have  been  connected  with  certain  diffusion  phenomena 
(accumulation  of  foreign  ions  in  the  cathode  boundary  layer  [9]),  and  not  with  a  change  in  the  mechanism  of  the 
electrode  process ‘(the  formation  and  decomposition  of  intermetallic  compounds). 

Special  24 -hour  experiments  on  the  electrolysis  of  pure  acid  solutions  of  zinc  sulfate  with  added  sodium 
(50  g/llter),  magnesium.  (25  g/liter),  and  calcium  (saturated  solution)  ions  at  a  current  density  of  150-450 
a/m*  showed  high  and  practically  identical  current  yields  of  zinc, both  for  pure  solutions  and  for  solutions  with 
additives.  The  cathode  potentials  we  measured  in  pure  solutions  and  In  solutions  with  added  calcium,  magnesium, 
and  sodium  ions  (Fig,  2,  curves  2  and  3)  were  very  close  to  the  data  of  Pecherskaya  and  considerably  more  negative 
than  the  potentials  determined  by  Turomshina  (Fig.  2,  curves  4-7).  On  the  basis  of  the  present  work  we  consider 
that  intermetallic  compounds  of  zinc  and  sodium  are  not  formed  during  the  electrolysis  of  aqueous  solutions  con¬ 
taining  sodium  and  zinc  Ions.  There  is  the  report  in  the  literature  [3]  that  alloys  of  zinc  and  sodium  are  formed 
by  the  reduction  of  solid  zinc  iodide  or  cyanide  with  metallic  sodium  in  liquid  ammonia;  this  may  be  so,  but 
alloys  of  zinc  and  sodium  are  not  formed  under  normal  electrolysis  conditions.  We  conclude  that  alkali  and 
alkali  earth  metal  ions  in  zinc  electrolytes  do  not  affect  the  current  yield  of  zinc  through  the  formation  of  inter¬ 
metallic  compounds  and  if  there  is  a  small  effect,  it  is  only  due  to  the  fact  that  the  ions  accumulate  In  the  cathode 
boundary  layer  and  hinder  the  approach  of  zinc  Ions  to  the  cathode  [9]. 

In  conclusion  we  thank  Prof.  V.  V.  Stender  for  comments  on  the  work. 
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ELECTROLYSIS  OF  LITHIUM  CHLORIDE  SOLUTION 
WITH  A  MERCURY  CATHODE 

.  / 

L.  A,  Alekseeva,  G.  I.  Volkov,  and  E.  I.  Kus’kina 


The  well-known  work  of  Sklyarenko  and  Sakharov  [1]  was  devoted  to  a  study  of  the  electrolysis  of  lithium 
chloride  solutions  in  an  electrolyzer  with  a  mercury  cathode.  In  this  work  a  special  study  was  made  of  the  effect 
of  the  lithium  concentration  in  the  amalgam  on  the  current  yield  in  electrolysis,  and  it  was  found  that  the  current 
yield  fell  linearly  with  an  increase  in  amalgam  concentration. 

The  amalgam  concentration  was  changed  in  the  usual  way  by  changing  the  rate  of  flow  of  mercury  through 
the  electrolyzer.  The  authors  overlooked  the  fact  that  a  change  in  the  rate  of  mercury  flow  changed  the  nature 
of  the  motion  of  the  stream  through  the  electrolyzer  and  the  time  that  the  amalgam  surface  was  in  the  electro¬ 
lyzer.  These  factors  themselves  could  have  a  stronger  effect  than  the  change  in  amalgam  concentration. 

A  slower  flow  of  the  amalgam  cathode  leads  to  various  impurities,  which  are  of  importance  in  the  elec¬ 
trolysis  process,  remaining  on  the  amalgam  surface  for  a  longer  period.  In  addition,  with  a  change  in  mercury 
flow  rate,  there  is  a  change  in  the  mixing  of  the  cathode,  since  the  Reynolds  number  changes,  and,  consequently, 
the  conditions  of  withdrawal  of  the  alkali  metal  into  the  layer  are  changed.  We  carried  out  some  experiments 
which  may  be  of  interest. 

EXPERIMENTAL 

The  experiments  were  carried  out  with  a  35<yo  solution  of  technical  lithium  chloride.  The  electrolysis  was 
at  a  current  density  of  about  2500  a/m*  at  50-60°.  The  current  consumption  was  determined  by  a  copper  coulometer 


Plan  of  apparatus.  1)  Electrolyzer;  2)  copper  trough;  3)  glass  plates; 

4)  thermometers;  5)  anode  rods;  6)  graphite  anode;  7)  rubber  gaskets; 

8)  shut-off  device;  9)  decomposer;  10)  separator;  11)  receiver  bottle. 

I)  Salt  solution;  II)  amalgam;  III)  NaOH,  Hg,  Hj;  IV)  water;  V)  mercury, 
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and  the  cathode  current  yield  by  titration  of  the  solution  of  lithium  hydroxide  obtained  by  decomposition  of  the 
amalgam.  The  hydrogen  content  of  the  chlorine  was  determined  with  an  Orsat  apparatus. 

The  plan  of  the  apparatus  is  shown  in  the  figure. 

The  electrolyzer  was  made  of  an  inverted  copper  trough  2.  to  whose  sides  were  cemented  glass  plates  3. 
forming  walls.  The  ends  of  the  electrolyzer  were  made  of  ebonite.  The  electrolyzer  was  covered  with  an 
ebonite  lid.  through  which  passed  thermometers  4  and  graphite  anode  rods  5,  carrying  current  to  the  graphite 
anode  6.  The  cathode  was  10  mm  wide  and  200  mm  in  length.  The  electrolyzer  was  sealed  with  rubber  gaskets 
7.  The  current  to  the  cathode  was  carried  by  the  stream  of  mercury  entering  the  electrolyzer.  Amalgam  emerg¬ 
ing  from  the  electrolyzer  passed  through  the  shut-off  device  8  and  entered  the  decomposer  9,  25  ml  in  volume 
and  filled  with  graphite  pieces,  2-3  mm  in  size.  Water  was  fed  into  the  decomposer  from  the  bottom.  The 
hydrogen,  liberated  on  decomposition  of  the  amalgam,  raised  the  mercury  and  alkali  solution  into  the  separator 
10,  whence  the  mercury  returned  by  gravity  Into  the  electrolyzer  through  the  receiver  bottle  11.  The  flow  of 
mercury  from  the  seal  10  to  the  bottle  11  could  be  measured  by  collecting  the  mercury  in  a  measuring  cylinder. 

At  first  an  experiment  was  carried  out  at  a  flow  rate  which  corresponded  to  the  formation  of  an  amalgam 
with  a  concentration  of  0,002%  at  100%  current  yield.  The  hydrogen  content  of  the  chlorine  in  this  experiment 
was  22-25%  and  the  current  yield  over  1  hour  was  37%.  During  this  experiment  it  was  noticed  that  from  approx¬ 
imately  Vs  of  the  way  from  the  beginning  of  the  electrolyzer  the  cathode  surface  was  covered  with  a  grey  coat¬ 
ing  and  hydrogen  bubbles.  This  film  could  be  displaced  to  the  end  of  the  electrolyzer  as  the  mercury  flow  rate 
increased  and  completely  disappeared  from  the  electrolyzer  at  an  input  rate  of  150-200  ml/ min  of  mercury, 
which  corresponds  to  an  amalgam  concentration  at  the  electrolyzer  outlet  of  0.0007%  at  100%  current  yield. 

At  this  mercury  flow  rate  we  were  able  to  obtain  a  hydrogen  content  In  the  chlorine  of  about  3%  and  a 
current  yield  of  91.5%  at  50-60*.  To  determine  whether  the  process  was  improved  by  a  reduction  in  the  lithium 
concentration  of  the  amalgam,  we  carried  out  the  following  experiment.  By  decreasing  the  water  input  into  the 
amalgam  decomposer,  we  tried  to  get  incomplete  decomposition  of  the  amalgam  and  gradually  increased  its 
concentration  without  decreasing  the  mercury  flow  rate. 

concentration  are  given 

70  80 

180  180 

62  63 

52  52 

0.0035  0.0044 

94.1  95.4 
3.3  3.3 


Data  on  electrolysis  of  a  lithium  chloride  solution  with  an  increasing  amalgam 


below. 


Time  from  begin¬ 
ning  of  expen- 

50 

60 

ment  (in  min) 
Mercury  flow  rate 
(in  mi/  min) 

5 

10 

20 

30 

40 

180 

210 

210 

220 

200 

1.50 

150 

Temperature 

(in^^C) 

at  inlet  .  • 

63 

63 

62 

63 

62 

62 

62 

at  outlet 

53 

.53 

53 

,54 

52 

52 

52 

Amalgam  con¬ 
centration  (%) 

0.0007 

0.0016 

0.0027 

0.0030 

0.0038 

Chlorine  analysis 

92.7 

Cl,  .  .  .  . 

92.7 

92.9 

93.8 

93.7 

94.6 

9.5.1 

Hs . 

4.0 

6.7 

4.0 

3.3 

3.3 

3.3 

Unfortunately  we  were  unable  to  raise  the  amalgam  concentration  even  higher,  but  the  experiment  presented 
shows  that  role  of  the  rate  of  movement  of  the  amalgam  cathode  is  even  more  important  than  the  role  of  the 
amalgam  concentration. 


SUMMARY 

In  experiments  on  the  electrolysis  of  a  solution  of  technical  lithium  chloride  at  different  linear  velocities 
of  the  mercury  cathode  it  was  shown  that  a  change  in  the  rate  of  movement  of  the  cathode  can  have  a  greater 
effect  on  the  hydrogen  liberation  on  the  amalgam  cathode  than  a  change  in  the  amalgam  concentration. 
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TEMPERATURE  AND  AMALGAM  CONCENTRATION  DEPENDENCE 
OF  THE  RATE  OF  AMALGAM  DECOMPOSITION 
IN  A  SHORT-CIRCUITED  CELL 

G.  I.  Volkov  and  R.  Ya.  Emdlna 


To  calculate  the  work  of  amalgam  decomposers,  it  is  necessary  to  know  the  relation  between  the  rate  of 
amalgam  decomposition  and  its  concentration.  Industrial  experience  shows  that  this  relation  is  important.  When 
an  amalgam  decomposer  no  longer  decomposes  the  amalgam  completely,  the  residual  undecomposed  amalgam 
is  again  returned  to  the  decomposer  and  if  an  increase  in  the  amalgam  concentration  does  not  increase  the 
decomposition  rate,  then  the  accumulation  of  alkali  metal  in  the  amalgam  would  very  rapidly  lead  to  crystal¬ 
lization  of  the  amalgam.  In  actual  fact  the  amalgam  concentration  grows  very  slowly  and  a  bath  operates  with 
incomplete  decomposition  of  the  amalgam  for  very  long  periods. 

The  relation  between  the  decomposition  rale  of  an  amalgam  and  its  concentration  is  evidently  determined 
by  the  change  in  emf  of  the  amalgam  cell  due  to  the  concentration  of  alkali  metal  in  the  amalgam. 

The  method  measuring  the  rate  of  amalgam  decomposition,  developed  previously  by  Volkov  and  Klltsa  [1], 
makes  it  possible  to  determine  the  relation  between  the  decomposition  rate  and  the  amalgam  concentration  with¬ 
out  changing  the  actual  concentration.  The  decomposition  rate  is  determined  from  the  strength  of  the  current 
passing  through  an  amalgam  cell  when  the  potential  difference  between  its  poles  equals  zero.  If  the  current 
strength  is  measured  at  several  values  of  the  potential  difference  between  the  poles  of  the  amalgam  cell,  then 
by  using  the  relation  between  the  potential  of  the  amalgam  and  its  concentration,  it  is  possible  to  convert  these 
potential  differences  to  amalgam  concentrations  and  derive  a  relation  between  the  amalgam  decomposition  rate 
and  its  concentration. 

The  experiments  were  carried  out  with  an  amalgam  cell  whose  design  is  shown  in  Fig.  1. 

Into  a  300 -ml  glass  beaker  was  poured  100  ml  of  sodium  amalgam  of  known  concentration  and  50  ml  of 
sodium  hydroxide  solution.  The  electrode  was  a  graphite  rod,  10  mm  in  diameter  and  120  mm  high,  with  a 
conical  end  of  the  following  dimensions:  the  cone  height  was  1  mm  and  the  diameter  of  the  upper  base  was  8 
mm.  The  separation  between  the  graphite  electrode  and  the  amalgam  was  3  mm.  The  graphite  rod  was  covered 
with  a  perchlorovinyl  varnish,  with  the  exception  of  the  working  parts,  and  then  the  whole  length  down  to  the  cone 
was  Insulated  with  rubber  tubing. 

The  graphite  electrode  was  treated  before  each  experiment  to  avoid  a  sharp  fall  In  the  activity  of  the 
graphite,  which  occurs  in  the  first  hours  of  operation  of  the  decomposer.  For  this  purpose  the  poles  of  the  cell 
were  connected  through  a  milliammeter  until  a  constant  current  strength  was  reached  (after  1  hour). 

An  electric  plate  was  used  for  heating  the  cell.  The  cell  was  placed  in  a  glass  beaker,  which  served  as  a 
water  bath.  The  experiment  was  carried  out  at  temperatures  of  20-80*  with  measurements  at  10*  Intervals.  The 
current  strength  In  the  circuit  of  the  amalgam  cell  was  measured  with  a  milliammeter  and  the  potential  differ¬ 
ence  across  the  poles  of  the  cell  was  determined  with  a  millivoltmeter  with  the  aid  of  a  rheostat. 

The  measurement  results  are  presented  in  Fig.  2. 
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Fig.  1.  Plan  of  apparatus  for  measuring  the 
rate  of  amalgam  decomposition  in  a  short- 
circuited  cell.  1)  Glass  beaker;  2)  sodium 
amalgam;  3)  sodium  hydroxide;  4,  5)  elec¬ 
trodes;  6)  thermometer;  7)  beaker  (water 
bath);  8)  electric  plate. 


Fig.  3  Calculated  relation  between  current 
strength  in  amalgam  cell  and  amalgam  con¬ 
centration.  A)  Current  strength  (in  ma); 

B)  amalgam  concentration  (in  %).  Tempera¬ 
ture  (in  *0:  1)  20.  2)  30.  3)  40,  4)  .SO. 

.S)  60,  6)  70.  7)  80. 


Fig.  2.  Relation  between  current  strength  in 
amalgam  cell  and  the  potential  difference  of 
its  poles.  A)  Current  strength  (in  ma);  B) 
potential  difference  (in  mv).  Temperature 
(in  ’C);  1)  20.  2)  30.  3)  40.  4)  .SO,  .S)  60. 
6)  70.  7)  80. 


Fig.  4.  Relation  between  current  strength  in 
amalgam  cell  and  amalgam  concentration. 
A)  Current  strength  (in  ma);  B)  value  of 
*^c.  Temperature  (in  *C):  1)  20,  2)  30, 

3)  40.  4)  .SO,  .S)  60.  6)  70.  7)  80. 


The  amalgam  concentration  at  the  beginning  of  the  experiment  was  0.060<^  of  Na  and  at  the  end,  0.0.S1<^. 
l.e.,  an  average  of  0.0.S.S<^. 


2884 


A 


The  potential  differences  were  converted  Into  amalgam 
concentrations  by  means  of  the  data  of  Tmmpler  and  Schuler 
[2].  The  relation  between  the  rate  of  amalgam  decomposi¬ 
tion  and  Its  concentration  obtained  Is  given  In  Fig.  3.  This 
relation  may  be  expressed  by  the  following  equation  with 
sufficient  accuracy  for  technical  calculations; 

/  =  k  -f-  0«13/c, 


and  confirmation  of  this  is  given  in  Fig.  4,  where  the  cube 
root  of  the  amalgam  concentration  c  Is  plotted  along  the 
abscissa  and  the  value  of  the  value  current  strength  1  (in 
ma),  along  the  ordinate.  The  value  of  the  constant  k  for 
80“  equals  415.  It  Is  understood  that  this  value  of  k  refers 
only  to  the  given  cell,  but  knowing  the  current  strength  of  any  other  cell  at  a  given  amalgam  concentration  it 
Is  possible  to  calculate  the  value  of  the  constant  from  equation  (1). 


Fig.  5.  Relation  between  current  strength 
In  amalgam  cell  and  temperature.  A) 
Current  strength  (In  ma);  B)  value  of  t*. 


The  temperature  dependence  of  the  current  strength  of  the  amalgam  cell  may  be  expressed  by  the  follow¬ 
ing  equation 


/  =  a  +  0.00075  fl/2.  (2) 

For  the  given  cell  and  an  amalgam  concentration  of  0.06%  the  value  of  a  =  36  when  the  current  strength 
Is  expressed  In  mllliamperes.  In  confirmation  of  the  given  temperature  dependence  of  the  rate  of  amalgam  de¬ 
composition,  we  give  Fig.  5,  where  the  latter  value  Is  given  in  relation  to  the  square  of  the  temperature. 

The  equations  obtained  make  it  possible  to  calculate  the  dimensions  of  amalgam  decomposers  with  a  change 
in  their  operating  conditions. 

The  nature  of  the  relation  between  the  current  strength  in  an  amalgam  cell  and  the  value  of  the  applied 
external  emf  (Fig.  3)  makes  it  possible  to  decide  whether  It  is  advantageous  to  convert  amalgam  decomposers 
into  electrolytic  baths  or  whether  it  is  sufficient  to  apply  a  voltage  of  0.1  v  to  double  the  amalgam  decomposi¬ 
tion  rate,  i.e. ,  reduce  the  working  dimensions  of  the  amalgam  decomposer  by  a  factor  of  two.  For  baths  operat¬ 
ing  at  high  current  densities,  the  consumption  of  a  small  amount  of  electrical  energy  may  be  quite  Justified  by 
the  economy  in  mercury  filling  the  decomposer,  the  economy  In  mercury  losses  due  to  the  decrease  in  the  size 
of  the  decomposer,  and  the  elimination  of  forced  shutdowns  of  the  baths,  arising  as  a  result  of  decomposer  break¬ 
downs. 


SUMMARY 

In  a  model  cell  of  sodium  amalgam,  alkali  solution,  and  graphite  we  measured  tlie  relation  between  the 
current  strength  and  the  externally  applied  voltage  at  various  temperatures.  The  measurements  were  used  to 
calculate  the  relation  between  the  rate  of  amalgam  decomposition  and  its  concentration  and  temperature  and 
suitable  equations  are  given  for  these  relations  for  technical  calculations. 
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DETERMINATION  OF  THE  TRILON  B  CONTENT 


OF  ACID  TINPLATING  ELECTROLYTES 

E.  S.  Bruile  and  N.  S.  Dombrovskaya 

All-Union  Scientific  Research  and  Constructional  Institute  of  Chemical  Machine  Construction 

In  recent  years  there  has  been  wide  application  of  new  chemical  reagents— complexones  [1,  3],  which  give 
stable  and  readily  soluble  compounds  with  a  whole  series  of  cations.  Complexones  have  found  wide  application 
in  analytical  chemistry  and  at  the  present  they  are  beginning  to  find  industrial  application,  in  particular,  in 
chemical  machine  construction.  Trilon  B  (Complexone  III)  is  Introduced  into  the  tinplating  electrolyte  to  pre¬ 
vent  hydrolysis  of  the  tin  and  its  precipitation, and  this  considerably  increases  the  stability  of  the  electrolyte. 

In  the  tinplating  process  it  is  necessary  to  maintain  a  definite  Trilon  B  concentration  in  the  solution,  and  con¬ 
sequently  it  is  necessary  to  check  the  content  periodically. 

In  developing  a  method  for  determining  Trilon  B  in  an  acid  tinplating  electrolyte  we  used  two  volumetric 
methods. 

The  first  method  was  based  on  the  titration  of  Trilon  B  with  a  standard  solution  of  magnesium  chloride  with 
the  indicator  ChromagenSpecialBlack  E-00  [4];  in  the  second  method  a  solution  of  calcium  chloride  was  used  in 
the  presence  of  ammonium  oxalate  as  indicator  [5].  In  both  cases,  in  the  analysis  of  Trilon  B  in  Tinplating  elec¬ 
trolyte  the  tin  present  interfered  and  this  was  removed  by  precipitation  with  hydrogen  sulfide  in  an  acid  medium. 

For  developing  the  methods  we  prepared  synthetic  mixtures,  corresponding  to  the  composition  of  elec¬ 
trolytes  used  for  tinplating. 

Mixture  I  (in  g/ liter)  Mixture  n  (in  g/ liter) 


SnGl2 

56.0 

SnS04 

54.0 

HCl 

8.0 

H2SO4 

70.0 

Phenol 

4.7 

Phenolsulfonic  acid 

50.0 

Dextrin 

1.0 

Boric  acid 

10.0 

NaF 

38.0 

Into  these  mixtures  were  introduced  accurately  measured  amounts  of  Trilon  B  solution.  The  Trilon  B  con¬ 
tent  of  the  electrolytes  was  then  determined  by  the  two  methods  mentioned  above— titration  with  magnesium 
chloride  solution  and  with  calcium  chloride  solution.  The  data  obtained  are  given  in  the  table. 

As  can  be  seen  from  the  data  presented,  the  accuracy  of  the  determination  of  Trilon  B  in  acid  tin  solu¬ 
tions  by  both  methods  is  quite  satisfactory.  The  determination  error  does  not  exceed  3.2%. 

On  the  basis  of  the  investigations,  two  methods  were  developed  for  determining  Trilon  B  in  acid  tinplating 
electrolytes. 

Before  determination  of  the  Trilon  B,  in  both  cases  the  tin  was  precipitated  by  passing  H2S  through  the  acid 
solution  analyzed.  The  stannous  sulfide  precipitate  was  removed  by  filtration,  washed  with  water,  saturated  with 
HjS,  and  discarded.  The  filtrate  was  boiled  until  all  the  H2S  had  been  removed. 
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Results  of  Determining  the  Trilon  B  Content  of  Acid  Tinplating  Electrolytes 


Trilon  B  (In  mg) 

Difference 

Trilon  B  (in  mg) 

Difference 

taken 

found  by 
1st  method 

in  mg 

in  ojo 

found  by 
1st  method 

found  by 

2nd  metnod 

in  mg 

in  ojo 

22.57 

22.40 

—0.17 

0.75 

22.57 

21.98 

— 0..59 

2.61 

22.57 

22.40 

—0.17 

0.75 

22.57 

22.24 

—0.33 

1.46 

22.57 

22.74 

-1  0.17 

0.75 

22.57 

22.24 

— 0..33 

1.46 

22.57 

22.81 

4-0.24 

1.06 

22.57 

22.69 

-fO.12 

0.53 

22.57 

22.20 

-0.37 

1.63 

45.14 

43.68 

—1.46 

3.23 

45.14 

44.90 

—0.24 

()..53 

45.14 

44.69 

-0.45 

1.0 

45.14 

44.00 

—1.14 

2.52 

4,5.14 

44.21 

—0.99 

2.06 

45.14 

44.90 

-0.24 

0.53 

45.14 

45.49 

-1-0.35 

0.77 

45.14 

44.40 

—0.74 

1.63 

4.5.14 

45.43 

-1-0.29 

0.64 

45.14 

45..36 

-1-0.22 

0.48 

45.14 

45.31 

-1-0.17 

0.37 

4.5.14 

4.5.41 

-4-0.27 

0.60 

45.14 

43.68 

-1.46 

3.23 

For  determination  of  the  Trilon  B  by  the  first  method,  the  filtrate  was  neutralized  with  ammonia  to  methyl 
red,  fS  ml  of  buffer  solution  (5.4  g  of  NH^Cl  +  35  ml  of  NH4OH  in  100  ml  of  HjO)  added  followed  by  a  small 
amount  of  the  Indicator  Chromagen  Special  Black  ET  -00  to  an  appreciable  blue  color,  and  the  solution  titrated 
with  0.02  N  MgCl2  solution  until  the  color  of  the  solution  changed  to  wine  red. 

For  determination  by  the  second  method,  the  filtrate  was  neutralized  with  ammonia  and  titrated  with 
0.1  N  CaClj  solution  in  the  presence  of  ammonium  oxalate  until  an  appreciable  turbidity  was  produced.  The 
titration  was  carried  out  with  illumination  of  the  solution  from  the  side. 

SUMMARY 

1.  Two  methods  were  developed  for  determining  Trilon  B  in  acid  tinplating  electrolytes  by  titration  with 
MgClj  and  CaCl2  solutions. 

2.  It  was  established  that  both  methods  give  quite  satisfactory  results. 
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CONDENSATION  OF  HEX  A  MET  HY  LDISI  LOX  A  N  E 


IN  SILENT  DISCHARGES 

D.  N.  Andreev 

Under  the  action  of  silent  electrical  discharges,  many  compounds  are  capable  of  condensing  to  form  var¬ 
ious  condensation  products.  As  we  showed  previously  [1 ,  2],  this  method  may  also  be  used  for  condensation  of 
organosllicon  compounds.  Thus,  for  example,  starting  from  methylchlorosilanes  [CHsSiCls  and  (CH3)2SiCl|]. 
we  obtained  compounds  containing  in  the  main  chain  alternate  silicon  and  carbon  atoms;  sSl— CHi— Sis,  sSl  — 

I 

-CHj-CHj-Si  =,  =Si-Cl^-Sl-CHi-Si3,etc. 

I 

Continuing  the  investigations  on  the  condensation  of  organosllicon  compounds  in  silent  discharges,  we 
condensed  hexamethyldisiloxane  [(CHslsSi— O— Si(CH8)8].  It  might  have  been  expected  that  in  this  case  we 
would  obtain  compounds  containing  alternate  Si,  C,  and  O  atoms  in  the  main  chain. 

The  condensation  experiments  were  carried  out  in  a  glass  reactor  by  the  method  described  previously  [2] 
with  the  only  difference  that  instead  of  hydrogen,  a  nitrogen  atmosphere  was  used.  It  was  established  that  even 
at  8  kv  (at  which  the  discharge  began)  traces  of  acetylene  appeared  in  the  emergent  gases,  indicating  partial 
rupture  of  Si— CH8  bonds  and  the  formation  of  •CH8  radicals. 

The  appearance  of  acetylene  in  the  gas  was  the  result  of  further  conversions  of  the  methyl  radicals.  With 
an  increase  in  the  voltage  of  the  current,  the  acetylene  content  (determined  qualitatively  by  Ilos  reagent)  in¬ 
creased.  However,  we  were  unable  to  establish  the  presence  of  acetylene  or  olefins  and  saturated  hydrocarbons 
in  the  gas  by  a  volumetric  method.  In  addition  to  nitrogen,  the  gases  contained  only  1.2-1. 3  vol.  %  of  H.  This 
Indicated  that  under  our  experimental  conditions,  the  main  process  occurring  under  the  action  of  electrical  dis¬ 
charges  was  condensation  and  not  cracking. 

In  order  to  determine  how  a  change  in  the  discharge  parameters  affected  the  yield  of  condensation  prod¬ 
ucts,  we  carried  out  a  series  of  experiments  at  different  voltages. 

The  results  of  the  experiment  are  given  below. 


Experiment  No. 

4 

5 

6 

8 

Voltage  in  secondary  circuit  (in  kv) 

15.5 

21.5 

23.0 

23.0 

Current  in  secondary  circuit  (in  ma) 

1.65 

2.45 

2.65 

2.65 

Discharge  power  (in  va) 

25.7 

52.7 

60.9 

60.9 

Experiment  duration  (in  hr) 

31. 

32.2 

32.2 

63.8 

Yield  of  condensation  products,  cal¬ 
culated  on  starting  siloxane  (in  <yo) 

4.6 

8.7 

15.8 

26 

Yield  of  condensation  products,  cal¬ 
culated  on  siloxane  reacting  (in 

33 

45 

53 

70 
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From  the  data  presented  above  It  follows  that  by  the  prolonged  action  of  such  a  discharge  at  23  kv  it  is  pos¬ 
sible  to  achieve  a  yield  of  condensation  products  of  2&^,  calculated  on  the  starting  siloxane,  and  70%,  calculated 
on  the  siloxane  reacting. 

To  accumulate  condensate,  we  carried  out  a  series  of  experiments  at  23  kv.  As  a  result  of  an  investigation 
of  the  condensation  products,  it  was  established  that  about  75%  of  the  condensate  was  compounds  containing  3-4 
Si  atoms  in  the  molecule,  formed  as  a  result  of  the  condensation  of  two  xnolecules  of  hexamethyldisiloxane  or, 
more  accurately,  two  radicals  formed  from  molecules  of  this  siloxane.  The  remaining  25%  of  the  condensate 
consisted  of  higher  condensation  products,  containing  5  or  more  Si  atoms  in  the  molecules.  The  high -boiling 
fractions  of  the  condensate  were  decolorized  with  KMn04  solution,  indicating  the  presence  of  unsaturated  com¬ 
pounds  in  them. 

Investigation  of  separate  fractions  of  condensate  made  It  possible  to  establish  that  they  contained  the  follow¬ 
ing  compounds:  1)  octamethyltrisiloxane,  2)  (trlmethylsiloxymethyl)  heptamethyltrisiloxane,  which  was  appar¬ 
ently  a  mixture  of  two  Isomers,  3)  a  compound  with  the  composition  Ci2Hs403St4  and  4)  a  compound  with  the 
composition  CisH3j04Si5. 

1.  Octamethyltrisiloxane:  b.p.  145-155",  0.8195,  n^*®  1.3864.  Literature  data  [3]:  b.p.  152",  62$^ 

0.8182,  1.3822;  [4]:  b.p.  152.5",  d/®  0.8200,  n^*®  1.3849. 

2.  (Trlmethylsiloxymethyl)  heptamethyltrisiloxane:  b.p.  190-195",  d4*®  0.8496,  n^*®  1.3968. 

Found  %  Si  35.32;  C  40.40,  H  10.12;  MRp  91.98 
CitHszOjS^.  Calculated  %  Si  34.59,  C  40.68,  H  9.93;  MRp  91.84 

This  compound  was  probably  a  mixture  of  two  isomers,  differing  In  the  position  of  the  trimethylsiloxy  group. 

3.  Compound  with  the  composition  Ci2H34C)3Sl4:  b.p.  102-107*  (20  mm),  d4*®  0.8498,  n^*®  1.4028. 

Found  Si  34.04,  C  41.89,  H  10.23;  MRp  97.28. 

CisHj403Si4.  Calculated  %e  Si  33.17,  C  42.55,  H  10.12;  MR^  97.48. 

The  molecular  refraction  was  calculated  for  bis  (trlmethylsiloxymethyl)  tetramethyldisiloxane. 

4.  Compound  with  the  composition  C^3H3g04Si5;  b.p.  145-155*  (20  mm),  n^*®  1.4035,  d4^®  0.8832. 

Found  o/<e  Si  34.65,  C  39.55,  H  9.69;  MRp  110.37 
CisHjgO^Sis.  Calculated  ofr:  SI  35.20,  C  39.13,  H  9.60;  MRp  110.48, 

The  molecular  refraction  was  calculated  for  2,2,4,4.6,6,9,9,11,11,  -decamethyl-2,4,6,9,ll-pentaslla-3,5, 

8.10- tetraoxadodecane. 

The  compound  with  the  composition  Ci2H3403Si4  was  assumed  to  be  bls(trimethylslloxymethyl)  tetramethyl¬ 
disiloxane,  for  which  two  isomers  are  possible.  The  second  compound  with  the  composition  CuHsgQiSis  corre¬ 
sponded  in  composition  and  molecular  refraction  to  2,2,4,4,6,6,9,9,ll,ll-decamethyl-2,4,6,9,ll-pentasIla-3, 

5.8.1 0- tetraoxadodecane. 

The  work  demonstrated  the  possibility  of  condensing  hexamethyldisiloxane  In  silent  discharges  to  form 
polymeric  compounds  of  low  molecular  weight,  mainly  of  linear  structure  and  containing  alternate  silicon, 
carbon,  and  oxygen  atoms  in  the  main  chain. 
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PLASTICS  BASED  ON  PHENOL  ALCOHOLS 
AND  GYPSUM  ( GY  PS  ORESIT  ES  ) 

A.  A.  Vasll*ev  and  A.  A.  Vansheidt 

Institute  of  High-Molecular  Compounds,  Academy  of  Sciences,  USSR 


Instead  of  bakelite  resins,  for  the  production  of  various  forms  of  phenol -aldehyde  plastics  It  Is  possible  to 
use  aqueous  solutions  of  the  Initial  products  of  the  reaction  of  phenol  with  formaldehyde  (phenol  alcohols)  [1], 
which  change  into  bakelite  resins  on  heating  and  then  into  resItes.  Phenol  alcohols  are  obtained  in  the  presence 
of  bases  at  moderate  temperatures.  Being  miscible  with  water  in  all  proportions,  they  do  not  requite  the  use  of 
organic  solvents  and  may  be  used  successfully  for  the  impregnation  of  fibrous  and  other  materials.  By  the  meth¬ 
od  developed  by  the  authors  of  the  present  article,  phenol  alcohols  were  used  by  Zhuravlev  and  Vol'fson  to 
impregnate  slabs  of  reinforced  autoclave  gypsum,  which  they  proposed  as  a  new  type  of  electrical  Insulating 
material  instead  of  marble  for  the  manufacture  of  low -voltage  distributing  boards  [2].  The  boards  successfully 
withstood  test  operation  for  a  number  of  years  in  an  atmosphere  of  high  humidity. 

In  our  experiments  gypsum  slabs  were  Impregnated  with  an  undiluted  solution,  containing  about  50o/o  of 
phenol  alcohols,  15%  of  phenols,  and  35%  of  water.  It  is  also  possible  to  use  solutions  containing  larger  amounts 
of  phenol  alcohols  and  smaller  amounts  of  phenol.  The  thermal  treatment  of  the  impregnated  slabs  to  remove 
the  water,  resinify  the  phenol  alcohols,  and  harden  the  resins  consisted  of  gradually  raising  the  temperature  from 
60  to  110*  over  approximately  20  hours.  The  shortcoming  of  the  method  is  the  need  for  removing  from  the  im¬ 
pregnated  slabs  the  considerable  amount  of  water  contained  in  the  solution  of  phenol  alcohols. 

The  problem  of  preparing  electrically  Insulating  plastics,  based  on  phenol  alcohols  and  gypsum(gypsoresites), 
could  also  be  solved  by  another  method,  namely,  by  binding  the  gypsum  not  with  water,  but  directly  with  aqueous 
solutions  of  phenol  alcohols,  taken  In  such  an  amount  that  all  the  water  contained  in  them  was  bound  by  the  gyp¬ 
sum,  converting  It  from  the  hemlhydrate  to  the  dihydrate.  Since  100  parts  of  gypsum  hemihydrate  require  18  parts 
of  water  for  this  conversion  and  the  aqueous  phenol  alcohols  contain  about  35%  of  water,  simple  calculation  shows 
that  If  100  parts  of  gypsum  hemihydrate  are  mixed  with  50  parts  of  aqueous  phenol  alcohols,  then  after  setting, 
the  mixture  must  consist  of  gypsum  dihydrate  and  anhydrous  phenol  alcohols.  As  our  experiments  showed,  mix¬ 
ing  the  components  in  this  proportion  yielded  a  plastic,  readily  molded  mass  which  set  rapidly.  Gradually  heat¬ 
ing  the  mass  under  the  conditions  indicated  above  yielded  a  material  which  was  more  homogeneous  and  less 
porous  than  that  prepared  by  impregnation.  Plastics  obtained  by  this  and  by  the  other  method  contained  18-19% 
of  resin  in  stage  "C*. 

The  table  gives  the  results  of  testing  plastics  (gypsoresites)  based  on  autoclave  gypsum,  reinforced  with 
wool  combings,  and  phenol  alcohols. 

The  introduction  of  the  phenol-aldehyde  resin  into  the  gypsum  composition  led  to  a  considerable  increase 
in  the  tensile  strength  of  the  material  (by  a  factor  of  almost  two),  and  both  the  setting  method  and  the  Impregnat¬ 
ing  method  gave  samples  with  approximately  the  same  Indices  (about  60  kg/cm^). 

The  new  method  proposed  for  preparing  gypsoresites,  based  on  binding  gypsum  with  phenol  alcohols  and 
subsequent  thermal  treatment  of  the  set  mass,  makes  it  possible  to  improve  the  quality  of  the  material  as  regards 
homogeneity  and  resistance  to  atmospheric  moisture. 
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Comparative  Results  of  Electrical  Testing  of  Gypsoresites,  Obtained  by  the  Binding  Method  and  by  the  Impregnat 
ing  Method,  and  of  Gypsum,  Not  Treated  with  Phenol  Alcohols 


R 

esults  of  testing  samples 

Material 

Property 

in  original 
state 

tested  after  24  hr  in  an  atmosphere  with  100<^ 
relative  humidity 

immediately 

after  20  min 

after  24  hrs  | 

Reinforced  auto  - 
clave  gypsum 

! 

Specific  surface  resistance 
(in  n) 

o 

o 

1 

1 

i 

1.6- 10® 

1 

2.7-10® 

Cs 

O 

o 

(not  treated  with 
phenol  alcohols) 

Specific  volume  resistance 
(in  n  ’em) 

•4.0-10® 

1.0-l(f 

- 

- 

Gypsoresite,  ob- 

Specific  surface  resistance 
(in  0) 

o 

o 

o 

2.7  •  10® 

3.0-10*® 

talned  by  binding 
method 

Specific  volume  resistance 
(in  D  •  cm) 

Above 

I0‘» 

4.0-10® 

1.0-10*® 

Above 

10*® 

Gypsoresite,  ob¬ 
tained  by  Impreg- 

Specific  surface  resistance 
(In  fi) 

1.6-10*® 

1.6-10* 

6.0-10* 

1.0-10*® 

nation  method 

Specific  volume  resistance 
(in  fi-  cm) 

o 

o 

o 

1.5-10* 

- 

5.0-10® 

The  marble  usually  used  for  distributing  boards  has  a  beautiful  external  appearance  and  is  of  comparatively 
low  cost,  but  has  a  number  of  drawbacks  (friability,  inhomogeneity,  considerable  expenditure  of  labor  in  proces¬ 
sing,  lack  of  acid -resistance,  a  considerable  fall  in  the  electrical  resistance  properties  under  the  actions  of  mois¬ 
ture  and  a  slow  recovery  of  these  properties,  etc.). 

The  simplicity  of  the  production  of  gypsoresites,  the  low  cost,  which  is  no  higher  than  that  of  marble,  and 
the  good  mechanical  and  electrical  properties  make  it  possible  to  predict  that  they  may  be  used  instead  of  mar¬ 
ble  for  the  manufacture  of  low -voltage  distributing  boards.  Plastics  based  on  phenol  alcohob  and  gypsum  are 
homogeneous,  mechanically  strong,  and  not  friable.  They  have  a  good  chemical  resistance,  especially  towards 
acids.  The  electrical  Insulating  properties  of  the  materials  described  are  reduced  comparatively  little  by  the 
action  of  moisture  and  are  rapidly  recovered  after  the  materials  are  removed  from  the  moist  atmosphere.  The 
manufacture  of  the  plastics  is  simple  and  does  not  require  much  work. 

SUMMARY 

We  propose  the  use  of  aqueous  solutions  of  phenol  alcohols  for  binding  gypsum  and  for  Impregnating  gypsum 
slabs  with  subsequent  thermal  treatment  of  the  materials  under  conditions  for  reslnifying  the  phenol  alcohols  and 
hardening  the  bakelite  resins.  The  plastics  obtained  are  strong,  heat-,  water-,  and  chemically  resistant  materials 
with  good  electrical  insulating  properties.  The  best  dielectrical  properties  are  possessed  by  resins  obtained  by 
the  binding  method. 
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CHEMICAL  NATURE  OF  PETROLEUM  ASPHALTENES 


S.  R.  Serglenko  and  S.  D.  Pustil’nikova 


Asphaltenes  are  chemically  the  most  complex  components  of  crude  petroleums,  which,  as  a  mle,  are 
found  in  heavy  petroleums  and  natural  asphalts  in  the  form  of  colloidal  particles.  The  dimensions  of  such  par¬ 
ticles  (micelles),  according  to  the  data  of  various  investigators,  vary  over  quite  a  wide  range:  particle  diameters 
from  30  to  100  A  and  molecular  weight  from  5000  to  200,000. 

In  our  investigations  [1]  it  was  shown  that  when  the  molecular  weight  of  asphaltenes  is  determined  cryo- 
scopically  under  conditions  which  exclude  association  of  the  molecules  (in  naphthalene  at  a  temperature  above 
80"),  the  molecular  weight  varies  about  2000. 

Elementary  analysis  of  asphaltenes  shows  that  heteroatoms  such  as  sulfur,  oxygen,  nitrogen,  and  metals 
(V,  Ni,  Fe,  Co,  TI,  etc.)  begin  to  play  an  important  part  in  their  molecules. 

However,  despite  the  considerable  specific  gravity  of  the  heteroatoms,  the  carbon  skeleton  determines  the 
main  structural  characteristics  of  these  very  large  petroleum  molecules. 

Therefore,  it  seemed  important  to  achieve  the  conversion  from  asphaltenes  to  hydrocarbons  without  rupture 
of  the  C— C  bonds  in  their  carbon  skeleton.  Such  a  conversion  should  be  an  important  step  towards  elucidating 
the  structure  of  asphaltene  molecules.  Selective  catalytic  hydrogenation  at  comparatively  low  temperatures 
seemed  to  us  to  be  the  most  suitable  method  for  solving  this  problem. 

In  a  previous  Investigation  [2]  it  was  shown  on  the  example  of  high-molecular  compounds  of  petroleum, 
containing  condensed  aromatic  nuclei  in  the  molecule,  that  the  product  could  be  desulfurized  almost  completely 
in  the  presence  of  Raney  nickel  at  150"  with  an  operating  hydrogen  pressure  in  the  autoclave  of  150  atm  and  a 
hydrogenation  time  of  from  10  to  30  hours.  At  the  same  time  there  was  also  appreciable  saturation  of  the  aro¬ 
matic  rings  with  hydrogen,  but  hardly  any  cracking,  i.e.,  rupture  of  a  simple  C— C  bond  was  observed.  Prelim¬ 
inary  experiments  on  the  hydrogenation  of  asphaltenes  under  the  same  conditions  and  over  the  same  catalyst 
showed  that  in  this  case  the  hydrogenation  proceeded  in  the  same  direction.  The  amount  of  catalyst  and,  to  a 
lesser  extent,  the  hydrogenation  duration  considerably  affected  the  degree  and  depth  of  conversion  of  asphaltenes. 
The  asphaltenes  were  hydrogenated  in  cyclohexane  solution  in  a  rotating  autoclave  for  a  total  time  of  50  hours. 
The  catalyst  taken  at  the  beginning  of  the  experiment  was  150<7o  of  the  charge  of  asphaltenes, and  then  after  each 
10 -hour  period  a  fresh  portion  of  catalyst  with  the  same  weight  was  added.  The  temperature  was  150*  and  the 
workli^  hydrogen  pressure  150  atm. 

The  residual  asphaltenes  were  precipitated  from  the  hydrogenation  products, and  the  remaining  reaction 
products  were  separated  chromatographically  on  coarsely  porous  silica  gel  by  the  method  described  previously 
[3,  4]. 

Table  1  and  also  Figs.  1  and  2  give  data  characterizing  the  composition  and  properties  of  the  products 
obtained  by  hydrogenation  of  asphaltenes  from  Romashkin  (Devonian)  petroleum.  Under  the  selective  hydrogen 
conditions  described,  it  was  possible  to  convert  the  asphaltenes  by  the  general  scheme:  asphaltenes  resins 
-Jiydrocarbons.  With  a  hydrogenation  time  of  50  hours,  55%  of  the  asphaltenes  were  hydrogenated  and  of  them, 
12%  were  converted  to  high-molecular  hydrocarbons  and  43%  to  resins.  The  group  composition  of  the  hydro¬ 
carbons  obtained  by  selective  catalytic  hydrogenation  of  petroleum  asphaltenes  and  also  the  properties  and  com¬ 
position  of  separate  groups  of  hydrocarbons  are  given  in  Table  2. 
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TABLE  1 

Composition  and  Properties  of  Asphaltene  Hydrogenation  Products 


Stage 

Component  of 

Composi- 

Mole- 

Elementary  composition  (in 

hydrogenation 

product 

tion 
(in  <^) 

cular  wt. 

c 

H 

S 

XJXby^f- 

ference 

Total hydrogena- 

100 

86.05 

8.28 

3..5() 

2.07 

I 

tion  product 
Asphaltenes 

79 

1700 

83.76 

8.14 

3.65 

4.45 

Resins 

17 

963 

86.39 

9.45 

2.61 

1.55 

Hydrocarbons 

4 

350 

88.08 

10.06 

1.76 

— 

Total  hydrogena- 

100 

— 

85.81 

8.58 

2.66 

2.95 

tion  product 

1990 

II 

Asphaltenes 

65 

85.06 

8.29 

3.26 

3.39 

Resins 

28 

1005 

85.87 

9.82 

1.38 

2.93 

Hydrocarbons 

7 

342 

88.21 

10.91 

0.81 

— 

Total  hydrogena¬ 
tion  product 
Asphaltenes 

— 

86.19 

8.90 

2.65 

2.26 

III 

56 

2415 

86.02 

8.43 

3.63 

1,92 

Resins 

35 

1115 

86.08 

9.75 

1.50 

2.67 

Hydrocarbons 

9 

319 

88.68 

10.57 

0.59 

— 

Total  hydrogena¬ 
tion  product 
Asphaltenes 

100 

— 

85.96 

8.74 

2.94 

2.36 

IV 

50 

2775 

84.36 

8.15 

3.61 

3.88 

Resins 

40 

1125 

86.45 

9.75 

1.00 

2.80 

Hydrocarbons 

10 

299 

88.70 

10.60 

0.68 

— 

Total  hydrogena- 

100 

— 

85.75 

8.36 

3.20 

2.69 

tion  product 

V 

Asphaltenes 

45 

3250 

84.51 

8.11 

3.72 

3.66 

Resins 

43 

1070 

85.50 

10.26 

0.85 

3.39 

Hydrocarbons 

12 

302 

88.00 

11.46 

0.54 

Fig.  1.  Composition  of  hydrogenation 
products  at  various  stages  of  hydrogenation 
A)  Content  (In  %);  B)  time  (in  hr).  1) 
Asphaltenes;  2)  resins;  3)  hydrocarbons. 


Fig.  2.  Sulfur  content  of  reaction  products  at  var¬ 
ious  stages  of  hydrogenation.  A)  Sulfur  content 
(in  %);  B)  time  (in  hr).  1)  Asphaltenes;  2)  resins; 
3)  hydrocarbons. 
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TABLE  2 

Composition  and  Properties  of  Hydrocarbons  Obtained  by  Hydrogenation  of  Asphaltenes  and 
Isolated  from  Romashkin  Petroleum 


Elementary 

1 

1  Structural  group  composition 

Hydrocarbon 

group 

m 

mm 

a 

composition  (7o) 

No.  of  rings  j 

•/. 

M 

"d 

3 

B 

H 

B 

Ra 

*^p 

Ca 

^cp 

Cp 

Isolated 

.•16.") 

1.4709 

0.8427 

85.83 

14.04 

1.2 

1.2 

24 

76 

Paraffino- 

1 

cyclopara  » troleum . 
ffin  (p.  /'Obtained 

322 

1.4753 

0.8691 

85.81 

13.74 

0.23 

2.1 

_ 

2.1 

_ 

45 

55 

c.p.)‘  \  by  hydro- 

genation. 

isolated 
from  pe- 

^.00 

1.5113 

0.9184 

85.87 

12.21 

I. .58 

2.7 

1.1 

1.6 

22 

22 

56 

Mono-  troleum. 

cyclo-  /^obtained 
aroma- byhydro- 
genation, 

1.338 

1.5258 

0.9445 

87.37 

11.80 

0.50 

1 

2.9 

1.2 

1 

1.8 

28 

29 

43 

Isolated 
from  pe- 

374 

1..5700 

0.9933 

85.32 

10.22 

4.32 

3.9 

2.3 

1.6 

41 

24 

.35 

Bicyclo-  troleum 
aroma  -  /'Obtained 

440 

1.5890 

1.0268 

89.52 

10.07 

0.89 

5.3 

3.0 

2.3 

43 

29 

28 

tic.  \  by  hydro- 

genation. 

Polyeycloaromatic 
obtained  by  hydro¬ 
genation  of  asphal- 

428 

1.6110 

1.0431 

89.14 

9.48 

2.18 

5.4 

3.6 

1.7 

52 

22.0 

26 

tenes. 

Comparison  of  the  composition  and  properties  of  high-molecular  hydrocarbons.  Isolated  from  crude 
Romashkin  petroleum,  with  those  of  hydrocarbons  obtained  by  hydrogenation  of  asphaltenes  (Table  2)  shows  that 
the  latter  have  a  higher  degree  of  cyclizatlon,  which  affects  all  their  properties.  The  bicycloaromatic  hydro¬ 
carbons  have  a  particularly  high  degree  of  cyclizatlon. 

Among  the  hydrocarbons  obtained  by  hydrogenation  of  asphaltenes,  polycyclic  aromatic  hydrocarbons  re¬ 
presented  more  than  A0p]o.  while  this  group  of  hydrocarbons  could  not  be  detected  at  all  in  the  high-molecular 
hydrocarbons  isolated  directly  from  crude  petroleum.  These  data  indicate  that  both  the  over-all  degree  of 
cyclizatlon  and  degree  of  condensation  of  the  cyclic  systems  in  the  asphaltene  molecules  are  considerably  higher 
than  in  the  high-molecular  hydrocarbon  part  of  petroleum.  The  high  degree  of  condensation  in  the  cyclic  struc¬ 
tures  in  asphaltene  molecules  and  the  predominance  of  aromatic  chains  in  these  condensed  cyclic  systems  de¬ 
termine  both  the  composition  and  the  chemical  and  physical  properties  of  asphaltenes. 

The  sharp  fall  in  the  molecular  weight  of  resins  and  hydrocarbons  obtained  by  mild,  selective  hydrogena¬ 
tion  of  asphaltenes  indicates  that  the  heteroatoms,  primarily  sulfur  and  oxygen  atoms,  arc  not  only  incorporated 
In  cyclic  structures  (heterocycles),  but  also  form  bridges  between  separate  polycyclic  systems  forming  part  of  the 
asphaltene  molecules.  The  data  obtained  in  our  investigation  is  a  direct  indication  of  the  existence  of  a  genetic 
link  between  petroleum  asphaltenes,  resins,  and  high-molecular  hydrocarbons. 

With  respect  to  degree  of  cyclizatlon  and  content  of  aromatic  structural  units  In  the  molecule,  the  aromatic 
hydrocarbons  obtained  by  hydrogenation  of  asphaltenes  occupy  an  intermediate  position  between  resins  and  high- 
molecular  aromatic  hydrocarbons  isolated  from  the  same  crude  petroleum. 
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Low -temperature  catalytic  hydrogenation  makes  it  possible  to  convert  asphaltenes  to  resins  and  high- 
molecular  hydrocarbons  similar  in  composition  and  properties  to  the  components  (rf  crude  petroleum.  This  result 
is  of  fundamental  scientific  importance  in  the  understanding  of  the  geochemical  history  of  petroleum  and  for 
elucidating  the  chemical  nature  of  asphaltenes. 
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OXIDATION  OF  HYDROQUINONES  TO  QUINONES 
V.  A.  Zagorevskii  and  D.  A.  Zykov 

Institute  of  Pharmacology  and  Chemotherapy,  Academy  of  Medical  Sciences,  USSR 


As  is  well-known,  hydroquinones  may  be  oxidized  to  quinones  with  many  reagents.  The  reaction  Is  most 
frequently  carried  out  in  a  strongly  acid  medium;  there  are  few  convenient  preparative  methods  of  oxidation  in 
weakly  alkaline,  neutral,  or  weakly  acid  media.  The  need  for  oxidation  of  hydroquinones  In  the  absence  of 
strong  acids  arose,  in  particular,  because  some  quinones  are  extremely  sensitive  to  acids  [1].  Appreciable  acidity 
of  the  medium  in  the  preparation  of  quinones  may  also  be  inadmissible  for  a  number  of  other  reasons. 

It  might  have  been  expected  that  a  convenient  reagent  for  oxidation  of  hydroquinones  under  conditions 
dispersing  with  a  strongly  acid  medium  would  be  hypobromite.  There  is  no  information  in  the  literature  on  the 
use  of  hypobromite  for  oxidizing  hydroquinones  to  quinones.  We  studied  the  action  of  sodium  hypobromite  on 
hydroquinone,  chlorohydroquinone,  and  2-methyl-l.  4-naphthohydroqulnone.  These  substances  were  oxidized 
smoothly  by  hypobromite  in  the  presence  of  a  small  amount  of  sulfuric  acid  to  form  the  corresponding  quinones 
In  high  yields.  In  the  preparation  of  p-benzoquinone,  the  reaction  was  best  carried  out  in  a  homogeneous  me¬ 
dium.  The  oxidation  of  hydroquinone  in  an  aqueous  solution  proceeded  readily  even  at  80”,  making  it  possible 
to  use  relatively  small  volumes  of  water.  The  oxidation  was  complete  after  a  few  minutes.  In  a  special  experi¬ 
ment  we  measured  the  pH  value  (20*)  of  the  starting  hypobromite  solution  andthe  reaction  mixture  after  oxida¬ 
tion;  the  pH  values  equaled  10.3  and  2.8,  respectively.  In  a  blank  experiment  (without  hydroquinone)  the  hypo¬ 
bromite  solution  after  addition  of  sulfuric  acid  had  a  pH  value  of  9.2  (after  5  min  at  80*,  i.e.,  under  the  reaction 
conditions,  the  medium  also  remained  alkaline).  An  increase  in  the  excess  hypobromite  from  25  to  100%  raised 
the  final  pH  value  to  3.2.  It  should  be  noted  particularly  that  even  a  slight  further  decrease  in  the  acidity  at  the 
beginning  of  the  reaction  led  to  tar  formation.  Therefore,  in  preparing  a  hypobromite  solution  with  a  higher  pH 
value  it  was  necessary  to  increase  the  amount  of  sulfuric  acid.  The  use  of  excess  acid  did  not  have  a  negative 
effect  on  the  reaction. 

During  the  work  we  showed  that  the  oxidation  of  hydroquinone  with  bichromate  in  the  presence  of  sulfuric 
acid  by  known  procedures  [2]  always  gave  p-benzoquinone  containing  quinhydrone,  which  gave  the  product  a 
greenish  tinge.  We  looked  for  conditions  under  which  the  oxidation  of  hydroquinone  by  bichromate  would  proceed 
completely  and  rapidly.  It  was  found  that  this  could  be  achieved  by  carrying  out  the  reaction  at  a  comparatively 
high  temperature  (65-70*).  Sufficient  water  was  used  to  dissolve  the  intermediate  quinhydrone.  The  oxidation  ' 
was  complete  In  approximately  1  minute. 


EXPERIMENTAL 

Preparation  of  Quinones  by  Oxidation  of  Hydroquinones  with  Hypobromite 

p-Benzoquinone.  To  a  solution  of  11  g  of  hydroquinone  in  125  ml  of  water  and  2.8  ml  of  2  N  H2SO4  solu¬ 
tion  at  80*  was  added  a  solution  of  sodium  hypobromite  (from  10.5  g  of  95%  NaOH  and  20  g  of  bromine  in  55  ml 
of  water).  The  reaction  mixture  (its  temperature  remained  at  about  80*)  was  stirred  until  a  light-yellow  solution 
was  formed  (1-3  minutes)  and  then  rapidly  cooled  to  0*  The  precipitated  p-benzoquinone  was  collecteJ,  washed 
with  20  ml  of  ice  water,  and  dried  over  calcium  chloride.  We  obtained  8.25  g  (76.3%)  of  quinone  with  m.p. 
110.5-111*.  Ether  extraction  of  the  aqueous  solution  yielded  a  further  2.11  g  of  quinone.  The  total  yield  was 
96%  After  recrystallization  from  aqueous  alcohol,  the  substance  had  m.p.  114-115*. 
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Chloro-p-benzoquinone.  To  a  solution  of  1.45  g  of  chlorohydroquinone  In  5.6  ml  of  0.1  N  HjSQi  solution 
was  added  a  solution  of  hypobromite  (from  1.05  g  of  NaOH  and  2  g  of  bromine  in  5  ml  of  water).  The  reaction 
mass  heated  up  spontaneously  (~  50*);  a  dark  oil  separated  and  when  stirred  for  5  min  it  turned  yellow  and  then 
crystallized.  The  chloro-p-benzoquinone  was  collected,  washed  with  cold  water,  and  dried  over  calcium  chloride. 
The  yield  of  material  with  m.p.  52.5-53.5*  was  1.27  g  (89<5k).  After  recrystallization  from  ligroin,  the  substance 
had  m.p.  55-56*. 

2  -  Methyl  -1.4  -naphthoquinone.  To  a  sample  of  0.87  g  of  2-methyl-l,4-naphthohydroquinone  in  a  mixture 
of  8  ml  of  alcohol,  3  ml  of  water,  and  2.8  ml  of  0.1  N  H2SQ4  solution  at  20*  was  added  a  hypobromite  solution 
(0.53  g  of  NaOH.  1  g  of  bromine,  and  3  ml  of  water).  The  mixture  was  stirred  for  5  minutes  and  cooled  with  ice 
and  then  the  yellow  precipitate  of  2 -methyl -1.4 -naphthoquinone  collected,  washed  with  water,  and  dried.  We 
obtained  0.8  g  (93%)  of  substance  with  m.p.  103.5-104*.  After  recrystalllzatlon  from  alcohol,  the  substance  had 
m.p.  104-104.5*.  Accordii^  to  literature  data  [3]  the  m.p.  is  105-106*. 

Preparation  of  p-benzoquinone  by  oxidation  of  hydroquinone  with  bichromate.  To  a  solution  of  5.5  g  of 
hydroquinone  in  90  ml  of  water  and  6.2  g  of  concentrated  H2SQ4  at  60*  was  added  7  g  of  NajCr207  •  21^0  in  10 
ml  of  water  (20*)  in  one  portion  with  stirring.  After  approximately  1  minute  (the  temperature  of  the  reaction 
mixture  was  ~65*),  the  mixture  was  rapidly  cooled  to  0*  and  the  p-benzoquinone  collected,  washed  with  ice 
water  (with  two  10-ml  portions),  and  dried.  The  yield  of  quinone  with  m.p.  111.5-112*  was  4.4  g  (81.4%). 

SUMMARY 

Hypobromite  is  proposed  for  oxidizing  hydroquinones  to  qulnones  in  the  absence  of  a  strongly  acid  medium. 
We  obtained  p- ben zoqul none,  chloro-p-benzoquinone,  and  2-methyl-l,4-naphthoquinone  in  yields  of  89-96%. 
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SOME  PHYSICAL  PROPERTIES  OF  2 .4 -T  OLUYLENE  DIISOCYANATE 

N.  A.  Gol'dberg,  V.  I.  Kucheryavyl,  and  G.  N.Zinov’ev 
State  Scientific  Research  and  Planning  Institute  of  the  Nitrogen  Industry 


The  literature  contains  hardly  any  data  on  the  physical  properties  of  isocyanates  though  these  substances 
are  finding  increasing  application  in  the  production  of  synthetic  high  polymers. 

Therefore,  we  considered  it  necessary  to  determine  some  physical  properties  of  2,4-toluylene  diisocyanate, 
whose  boiling  (125*  at  15  mm  Hg)  and  melting  (21.3*)  points  are  known  [1]. 

We  investigated  the  following  physical  properties  of  2.  4-toluylene  diisocyanate:  1)  density  and  viscosity  * 
over  the  temperature  range  20-90*;  2)  saturated  vapor  pressure  as  a  function  of  temperature  over  the  range  100- 
155*;  3)  refractive  index  of  isocyanate  solutions  in  chlorobenzene. 

EXPERIMENTAL 

Technical  2,4-toluylene  diisocyanate  was  vacuum  distilled  twice  on  a  distillation  column  with  a  packing 
height  of  1.2  m.  The  packing  consisted  of  standard  Fenske  rings.  During  the  distillation  we  collected  a  narrow 
fraction  boiling  at  113*  (7  mm  Hg).  The  2,4-toluylene  diisocyanate  content  was  determined  analytically  by  the 
method  described  in  BTU  No.  13  Kh-05--58;  it  was  found  to  equal  99.6  weight  ojo.  However,  we  should  assume 
that  the  accuracy  of  this  analytical  method  did  not  exceed  ±  0.5  weight  %.  Spectral  analysis  showed  the  absence 
of  impurities  as  the  spectrum  of  a  sample  of  2,4-toluylene  diisocyanate,  specially  prepared  in  the  Scientific 
Research  Institute  of  Organic  Intermediates  and  Dyes,  did  not  differ  in  any  way  from  ours.  No  traces  of  the  2,6- 
Isomer  were  detected.  The  spectral  measurements  on  2,4-toluylene  diisocyanate  were  made  *  with  cyclohexane 
and  carbon  disulfide  on  an  IKS -12  spectrophotometer. 

Density  determination.  The  density  of  2,4-toluylene  diisocyanate  was  determined  by  means  of  a  carefully 
graduated  pycnometer  with  a  narrow  neck.  The  pycnometer  had  a  volume  of  4  cc.  The  possible  error  in  the 
density  measurements  was  2  •  10"^  g/cc.  The  temperature  was  kept  constant  (±  0.1*)  with  a  TS-15  thermostat. 
The  results  of  the  density  measurements  are  well  described  by  the  equation 


d<4  =  djji  [1  _  8.31  .  10-5  (t  —  25)1  • 


Viscosity  determination.  The  viscosity  of  2,4-toluylene  diisocyanate  was  determined  with  an  Ostwald 
viscometer  with  a  capillary  diameter  of  1  mm.  The  temperature  was  kept  constant  (±  0.1*).  From  the  average 
viscosity  data  we  constructed  a  graph  of  Ig  tj  =  /  ^  i  j  ,  which  was  a  straight  line. 

From  the  slope  of  the  line  we  calculated  the  viscous  flow  energy  (Ey^g^),  which  w^s  found  to  equal  3330 
cal/  mole. 

The  viscosity  q  for  the  whole  temperature  range  was  satisfactorily  described  by  the  equation 

8330 

T,  =  0.0995  «  . 


•A  co-worker  In  our  laboratory,  E.  N.  Boitsov,  made  the  spectral  measurements. 
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TABLE  1 


t  (int) 

d{(ln 

g/cc) 

T* 

(in  sec) 

V 

(in  micro- 
poises) 

t  (in  *0 

d{  (in 
g/cc) 

T* 

(in  sec) 

h 

(in  micro¬ 
poises) 

25 

1.2136 

108 

27.2 

50 

1.1880 

68.5 

16.9 

30 

1.2085 

96 

24.1 

60 

1.1779 

59.5 

14.5 

35 

1.2035 

87.5 

21.8 

70 

1.1679 

52 

12.6 

40 

1.1982 

80 

19.9 

80 

1.1580 

46 

11.0 

45 

1.1931 

74 

18.3 

90 

1.1480 

42 

10.0 

•  T  is  the  flow  time. 


TABLE  2 


t  (in  *0 

P  (in 
mm  Hg) 

t  (in  *0 

P  (in 
mm  Hg 

100 

12 

130 

39 

105 

16 

135 

46 

no 

19 

140 

54 

115 

24 

145 

63 

120 

28 

1.50 

73 

125 

33 

155 

85 

The  numerical  values  of  the  viscosity  and  density  of  2,4-toluylene  diisocyanate  in  relation  to  temperature 
are  given  in  Table  1. 

Determination  of  saturated  vapor  pressure.  The  saturated  vapor  pressure  of  2,4-toluylene  diisocyanate  in 
relation  to  temperature  was  measured  by  the  static  method  described  in  [2]  on  an  apparatus  kindly  put  at  our 
disposal  by  a  lecturer  at  Gor’kii  State  University,  1.  B.  Rabinovich.  The  apparatus  consisted  of  a  tensimeter,  a 
mercury  manometer,  a  heating  bath  with  a  calcium  chloride  melt  and  a  thermoregulator,  and  a  vacuum  appara¬ 
tus  with  a  system  of  taps. 

The  temperature  was  kept  constant  (±  0.1*).  The  accuracy  of  the  vapor-pressure  measurement  was  not  less 
than  1  mm  Hg. 

The  results  of  measuring  the  saturated  vapor  pressure  of  2,4-toluylene  diisocyanate  are  given  in  Table  2. 

The  results  given  above  can  be  described  satisfactorily  by  the  equation 


f  7.4006, 


where  P  is  the  pressure  (in  mm  Hg)  and  T  the  temperature  (in  *K). 

From  this  equation  we  calculated  the  evaporation  energy: 

-  RT  =  9700  cal/ mole. 

Determination  of  refractive  index.  The  refractive  index  nj)*®  of  solutions  of  2,4-toluylene  diisocyanate 
in  chlorobenzene  were  determined  on  an  Abbe  refractometer  at  25*  with  an  accuracy  of  1  •  10^  units. 

The  measurement  results  are  given  on  the  next  page. 
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Isocyanate  content 
(in  weight  %) 

n  *5 

"d 

10.97 

1.5385 

90.34 

1.5613 

95.63 

1.5640 

97.67 

1.5651 

99.6 

1.5658 

DISCUSSION  OF  RESULTS 

On  the  example  of  more  than  thirty  liquids,  Eyring  and  his  co-workers  [3]  showed  that  die  ratio  of  the 
evaporation  energy  to  the  viscous  flow  energy  depends  little  on  the  nature  of  the  liquid  and  equals  3  for  unas¬ 
sociated  liquids.  Assuming  that  2,4-toluylene  diisocyanate  is  not  associated,  we  obtained  3«Ey^3^  =  3*  3330  = 
=  9990  cal/ mole.  This  result  agrees  well  with  the  value  of  the  evaporation  energy  9700  cal/ mole,  found  by 
measuring  the  saturated  vapor  pressure,  indicating  the  possibility  of  estimating  the  evaporation  energy  of  other 
isocyanates  from  relatively  simple  viscosity  measurements  on  the  latter. 
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PREPARATION  OF  2  -  MET  HY  L  V  A  L  E  R  A  LD  E  HYD  E 
E.  G.  Popova 

S.  Ordzhonikidze  All-Union  Chemicopharmaceutical  Scientific  Research  Institute 


2-Methylvaleraldehyde  is  an  intermediate  in  the  synthesis  of  Meprotan,  2 -methyl -2 -n -propyl -1.  3-propane- 
dloldicarbamate  [1],  which  Is  a  new  drug  for  the  treatment  of  nervous  and  psychic  illnesses  [2]. 

According  to  literature  data,  this  aldehyde  is  obtained  by  reduction  of  a-methyl-fl  -ethylacrolein  [3],  by 
oxidation  of  2-methylpentanol  [4],  and  also  by  catalytic  conversion  of  propanol  [5]  and  allyl  alcohol  [6]. 

We  developed  a  method  of  preparing  2-  methylvaleraldehyde  by  decarboxylation  of  6  -methyl-s  -n-propyl- 
glycidlc  acid;  the  latter  was  prepared  by  hydrolysis  of  the  ester,  which  was  synthesized  by  condensation  of  methyl- 
n -propyl  ketone  with  chloroacetic  ester. 


CII3 

^CO  +  ClCHiCOaCzIIs 
n  "C3II7 


CH3 

\c — CllCOall  ^ 


CH3 

Nc— CHCO2C2H5 

n-C3H7 

GH3 

'^CII— CHO 
n  -C3U7 


The  preparation  of  2 -methylvaleraldehyde  from  methyl  n-propyl  ketone  Is  of  practical  Interest,  as  the 
starting  materials  are  readily  available.  Methyl  n-propyl  ketone  is  found  among  the  products  of  dry  distillation 
of  wood  and  forms  19<7o  of  the  "white"  acetone  oil  from  which  it  is  separated  by  distillation  [7]. 

Methyl  n-propyl  ketone  was  condensed  with  ethyl  chloroacetate  in  the  presence  of  sodamide  by  Claisen 
[8]  to  give  a  50%  yield  of  product  and  in  the  presence  of  sodium  ethylate  by  Martynov  and  Kastron  [9].  The 
latter  authors  did  not  describe  the  experiment  and  reported  only  the  yield,  which  was  57%,  allowing  for  the  un¬ 
reacted  ethyl  chloroacetate. 

Instead  of  the  dry  sodium  ethylate  usually  used  in  the  synthesis  of  glycidic  esters,  we  used  a  freshly  prepared 
paste  of  sodium  ethylate  to  which  was  slowly  added  a  mixture  of  the  reagents  with  cooling.  The  temperature  con¬ 
ditions,  reaction  duration,  and  other  data  were  determined  more  accurately.  The  glycidic  ester  was  separated 
without  extraction  with  organic  solvents  as  extraction  of  the  aqueous  layer  raised  the  yield  only  very  slightly.  It 
was  also  established  that,  contrary  to  information  in  the  literature  [10],  the  use  of  more  than  a  25%  excess  of 
chloroacetic  ester  was  not  advantageous.  The  yield  was  55%  of  theoretical,  calculated  on  methyl  n-propyl 
ketone. 

Decarboxylation  of  0  -methyl-fl  -n-propylglycidic  acid  and  also  preparation  of  the  latter  by  hydrolysis 
of  its  ester  are  not  described  In  the  literature. 

We  carried  out  the  hydrolysis  in  an  aqueous  sodium  hydroxide  solution  with  continuous  distillation  of  the 
alcohol  formed.  The  glycidic  ester  was  gradually  added  to  a  previously  heated  alkali  solution  in  order  to  avoid 
a  vigorous  reaction.  When  the  mixture  was  acidified,  the  glycidic  acid  separated  sufficiently  completely  in  the 
form  of  an  upper  layer  and  was  used  for  the  preparation  of  2-methylvaleraldehyde  without  purification. 
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8  -Methyl-6  -n-propylglycidlc  acid  was  decarboxylated  by  heating  at  a  gradually  increasing  temperature, 
and  as  the  2-methylvaleraldehyde  formed  it  was  distilled  in  superheated  steam.  According  to  analysis  the  yield 
was  68%  of  theoretical,  calculated  on  the  ethyl  glycidate. 

EXPERIMENTAL 

Ethyl  6  -methyl-8  -n-propylglycldate.  To  sodium  ethylate,  prepared  from  67.5  ml  of  absolute  alcohol  and 
57.5  g  (2.5  moles)  of  metallic  sodium  and  cooled  with  stirring  to  -10*,  was  added  a  solution  of  172  g  (2  moles) 
of  methyl  n-propyl  ketone  in  306.4  g  (2.5  moles)  of  ethyl  chloroacetate  over  a  period  of  2  hours  with  stirring 
at  a  temperature  of  no  higher  than  -3*.  The  mixture  was  then  stirred  at  -10  to  -8*  for  a  further  4  hours,  left  for 
15  hours,  and  then  boiled  for  10-15  minutes  until  there  was  no  longer  an  alkaline  reaction  to  phenolphthalein; 
it  was  cooled  to  30-40*  and  610  ml  of  water  added  to  dissolve  the  sodium  chloride.  The  upper  layer  was  separ¬ 
ated,  dried  with  baked  potassium  carbonate,  and  vacuum  distilled  with  a  fractionating  column.  An  intermediate 
fraction  with  b.p.  55-58“  at  10  mm  was  redistilled.  The  yield  was  189.4  g,  i.e.,  55%  of  theoretical,  calculated 
on  the  methyl  n-propyl  ketone;  the  b.p.  was  88-93“  at  10  mm. 

2 -Methylvaleraldehyde .  Over  a  period  of  1  hr  15  min,  172.2  g  (1  mole)of  ethyl  6  -methyl-6  -n-propyl- 
glycidate  was  added  with  stirring  to  126  ml  of  sodium  hydroxide  solution  of  specific  gravity  1.285  (1.05  moles 
of  NaOH),  stirred  and  heated  on  a  boiling  water  bath  in  a  flask  connected  to  a  distillation  condenser.  After  the 
addition,  stirring  and  heating,  accompanied  by  distillation  of  the  alcohol,  were  continued  for  a  further  6  hours; 
then  the  solution  was  cooled  to  45*  and  54  ml  of  sulfuric  acid  solution  of  specific  gravity  l..‘)40  added  with  stir¬ 
ring  over  a  period  of  10  minutes.  The  reaction  mixture  was  left  for  10  minutes  and  then  decanted  from  the 
sodium  sulfate  precipitate. 

The  upper  layer,  containing  the  glycidic  acid,  was  heated  to  105*  in  a  flask  with  a  distillation  condenser 
and  then  superheated  steam  passed  through  while  the  temperature  in  the  reaction  liquid  was  raised  from  105  to 
165*  overa  period  of  1.5  hours  and  from  165  to  200*  over  30  minutes.  The  2-methyl-valeraldehyde  distilled  as 
It  was  formed.  The  oily  layer,  obtained  in  the  distillate  at  a  temperature  above  165*,  was  redistilled  and  the 
fraction  boiling  at  up  to  125*  in  steam  collected  and  added  to  the  main  mass.  The  layers  present  in  the  distillate 
were  separated  and  their  aldehyde  contents  determined.  We  obtained  83  g  of  79.6%  aldehyde  and  178  g  of  aqueous 
layer,  containing  0.8%  aldehyde.  The  yield  was  68  g,  i.e.,  68%,  calculated  on  the  ethyl  6  -methyl-6  -n-propyl- 
glycidate.  The  2-methylvaleraldehyde  obtained  was  used  in  the  synthesis  of  Meprotan  without  further  purifica¬ 
tion. 

SUMMA  RY 

1.  A  method  was  developed  for  the  preparation  of  2-methylvaleraldehyde  by  decarboxylation  of  6  -methyl- 
6  -n-propylglycidic  acid. 

2.  A  convenient  method  was  developed  for  the  hydrolysis  of  ethyl  6  -methyl-6  -n-propylglycidate., 

3.  The  conditions  for  synthesizing  ethyl  6  -methyl-6  -n-propylglycidate  by  condensation  of  methyl  n- 
propyl  ketone  with  ethyl  chloroacetate  were  determined  more  accurately. 
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PREPARATION  OF  a ,  6  ’  -  L  UT  IDIN  E 


N.  S.  Prostakov  and  K.  S.  Kvasnevskaya 

M.  V.  Lomonosov  Moscow  Institute  of  Fine  Chemical  Technology 


Like  some  other  alkyl -(aryl-  and  alkenyl-)  oyridines,  a,  3 ’-lutidine  is  a  comparatively  difficultly  acces¬ 
sible  substance.  Considering  the  possibility  of  using  certain  substituted  pyridines  in  the  synthesis  of  some  prac¬ 
tically  valuable  products  (starting  materials  for  the  preparation  of  polymeric  materials,  pharmaceutical  prepara¬ 
tions,  etc.),  we  decided  to  study  the  method  of  preparing  them  from  y  -  piperldones.  First  of  all  we  developed 
a  method  of  synthesizing  a,  B*-lutidlne  from  the  accessible  2,5-dimethyl-4-piperidone  [1,  2],  which  may  be 
converted  to  2,.')-dimethylpiperidine  in  up  to  40<7o  yield  by  Kizhner  reduction  of  its  hydrazone  or  by  decomposi¬ 
tion  of  2,.')-dimethyl-4-lithiopiperidine  with  water.  The  latter  is  prepared  by  reduction  of  2,.'i-dimethyl-4-piper- 
idone  to  the  corresponding  piperidol,  the  hydroxyl  group  of  this  piperidine  alcohol  is  replaced  by  halogen,  and  this 
is  then  replaced  by  lithium. 


2,5-Dimethylpiperidine  was  converted  into  a, 6  ’-lutidine  catalytlcally.  K-12  grade  industrial  dehydrogena¬ 
tion  catalyst  was  used.  It  was  established  that  piperidine  was  dehydrogenated  to  pyridine  in  yield  on  this 
catalyst.  2,5-Dimethylpiperidine  was  dehydrogenated  to  ot, B ’-lutidine  in  880/0  yield  on  the  same  catalyst.  Oxi¬ 
dation  of  the  a,  B  ’-lutidine  thus  obtained  gave  isocinchomeronic  acid,  which  was  then  converted  to  the  diethyl 
ester. 


EXPERIMENTAL 

g,  B  ’-Lutidine.  2,5-Dimethylpiperidine  was  dehydrogenated  in  a  flow  system  over  K-12  grade  industrial 
dehydrogenation  catalyst.  Into  the  catalyst  tube  (made  from  quartz  and  the  head  was  also  quartz)  was  placed 
50  ml  of  catalyst,  which  was  activated  in  a  stream  of  air  at  400“  over  a  period  of  two  hours.  The  temperature 
in  the  catalyst  zone  during  dehydrogenation  was  390“.  A  stream  of  nitrogen  was  passed  for  15  minutes  and  then 

15.5  g  of  2,5-dimethylpiperidine  (b.p.  134-136“  1.4451),  was  passed  at  a  constant  rate  over  a  period  of 

4.5  hours.  We  obtained  9750  ml  of  gas  (p  =  766  mm,  t  =  20“;  H  99.4</o,  0.6%)  and  13.8  g  of  condensate 

(a  lemon-colored,  mobile  liquid,  n^^®  1.4975).  Condensate  (10.5  g)  was  distilled  (in  a  stream  of  nitrogen): 
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1st  fraction— b.p.  10.'S-1.'S2*,  0.9  g,  n  1.4700;  2nd  fraction-  a,  8'-  lutidine  with  b.p.  l.‘S2-155*,  9.6  g,  np’® 
1.4999.  From  1.4  g  of  the  second  fraction  we  obtained  3.9  g  (after  two  recrystallizations  from  alcohol)  of 
a. 6 ’-lutidine  picrate  with  m.p.  167-168’.  The  yield  of  a,  6  -lutidine  was  SBofo(on  the  starting  2,5-dlmethyl- 
piperidine  according  to  the  catalyzate). 

Piperidine  was  dehydrogenated  on  the  same  catalyst  sample  after  similar  activation.  Over  a  period  of 
3.5  hours,  10  g  of  piperidine  (b.p.  103-105*,  np^*’®  1.4560)  was  passed  at  a  constant  rate.  The  temperature  in 
the  catalyst  zone  was  365*.  We  obtained  3650  ml  of  gas  (p  =  732  mm,  t  =  20*;  H  99.Gojo.  CO2  0.2«yoCnH2n  0.2%) 
and  9.3  g  of  catalyzate  (np^®  1.5010).  Distillation  of  the  catalyzate  yielded  the  following  fractions  of  a  mixture 
of  pyridine  and  piperidine;  1st  fraction— 107-110*,  3.6  g,  n^^^  1.4748;  2nd  fraction— 110-115*,  0.8  g,  n^’^  1.4770; 
3rd  fraction— b.p.  115-125*,  1  g,  np*^  1.4893.  The  residue  after  distillation  weighed  2.8  g. 

Isocinchomeronic  acid  and  its  diethyl  ester.  To  a  boiling  solution  of  33.5  g  of  potassium  permanganate  in 
850  ml  of  water  was  added  5.6  g  of  the  a,  8 ’-lutidine  described  above.  At  first  the  reaction  proceeded  vigorously 
without  heating  and  then  for  7  hours  with  heating  (gentle  boiling).  The  manganese  dioxide  was  separated  by 
filtration  and  boiled  three  times  with  water  (200  ml  portions).  The  solution  was  evaporated  to  500  ml  under 
reduced  pressure  in  a  stream  of  carbon  dioxide,  neutralized  with  sulfuric  acid  (3.5  ml),  and  then  evaporated  to 
dryness.  The  residue  was  boiled  with  100  ml  of  absolute  alcohol.  The  insoluble  residue  (15.5  g)  was  collected 
by  filtration.  On  cooling,  the  mother  solution  yielded  0.85  g  of  isocinchomeronic  acid  with  m.p.  234-235*. 

The  alcohol -insoluble  residue,  the  residue  after  distillation  of  the  alcohol  from  the  mother  solution  remaining 
after  separation  of  the  acid,  and  0.75  g  of  Isocinchomeronic  acid  were  boiled  for  9  hours  with  10  ml  of  sulfuric 
acid  in  50  ml  of  absolute  ethyl  alcohol.  The  alcohol  was  removed  in  vacuum.  To  the  residue  was  added  40  ml 
of  water  and  then  5%  aqueous  potassium  hydroxide  solution  (to  litmus)  in  the  presence  of  ether.  When  the  ether 
extract  had  been  dried  with  sodium  sulfate,  we  obtained  3.5  g  of  a  viscous  liquid,  which  distilled  over  the  range 
70-130*  at  1.5  mm  and  crystallized  in  the  receiver.  Recrystallization  from  ligroin  yielded  2.3  g  of  diethyl 
Isocinchomeronate  with  m.p.  42-44*. 

Found  %  N  6.13,  6.32 
C11H13O4N.  Calculated  %  N  6.28 

Diethyl  isocinchomeronate  (1.6  g)  was  boiled  with  11  ml  of  10%  aqueous  potassium  hydroxide  solution. 

The  solution  was  neutralized  with  dilute  sulfuric  acid  (0.5  ml  of  concentrated  sulfuric  acid  and  10  ml  of  water) 
and  evaporated  to  dryness  in  vacuum.  The  residue  (2.6  g)was  boiled  with  15  ml  of  absolute  alcohol  and  then 
filtered  rapidly.  On  cooling,  the  mother  solution  yielded  0.55  g  of  isocinchomeronic  acid  with  m.p.  234-235*. 

SUMMA  RY 

Catalytic  dehydrogenation  of  2,5-dimethylpiperidine  gave  a  quantitative  yield  of  a,  8  -lutidine. 
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PiEPARATION  OF  PYRIDINEC  A  RBOX  Y  LIC  ACIDS 


E.  S.  Zhdanovlch,  A.  F.  Galkin,  I.  B.  Chekmareva,  G.  A.  Baulina, 
and  N.  A.  Preobrazhenskii 


Until  recently  the  best  results  in  preparing  pyridinecarboxylic  acids,  in  particular,  nicotinic  and  isonicotinic 
acids,  have  been  obtained  by  liquid-phase  oxidation  of  6  -  and  y -substituted  pyridines  with  potassium  permanganate 
[1],  and  nitric  [2]  and  sulfuric  acids  [3,  4], 

In  the  period  1944-1948  reports  were  published  on  the  preparation  of  nicotinic  acid  by  gas -phase  oxidation 
of  8  -picoline  with  atmospheric  oxygen  in  the  presence  of  catalysts  [5,  6]  but  these  methods  have  not  found  wide 
application.  In  1952  It  was  found  that  oxidation  of  5  -  and  y  -picolines  with  atmospheric  oxygen  mixed  with  am¬ 
monia  in  the  presence  of  catalysts  gave  nicotino-  and  Isonicotinonitriles  [7]. 

In  this  work  we  describe  the  preparation  of  B*-  and  y -pyridinecarbonitriles  by  the  action  of  atmospheric 
oxygen  in  the  presence  of  ammonia  and  vanadium  pentoxide,  deposited  on  aluminum  oxide.  Conversion  of  the 
nitriles  synthesized  to  acids  and  then  to  esters  of  fl*-  and  y -pyridinecarboxylic  acids,  followed  by  treatment  of 
the  latter  with  ammonia  gave  nicotinamide  and  isonicotinamide.  The  low  yield  in  the  conversion  of  the  nitriles 
to  amides  through  the  acids  and  esters  compelled  us  to  use  another  method  for  preparing  the  amides— treatment 
of  the  nitriles  obtained  With  hydrogen  peroxide  in  an  alkaline  medium. 

EXPERIMENTAL 

Preparation  of  catalyst.  To  50  g  of  ammonium  metavanadate  in  500  ml  of  distilled  water  was  added  50  g 
of  aluminum  oxide  (particles  2-3  mm  across)  and  the  water  evaporated.  The  mass  obtained  was  dried  at  100-110* 
and  fired  in  a  stream  of  air  at  400*  for  10-12  hours. 

Preparation  of  6-  and  y  -pyridinecarboxylic  acids  from  B  *-  K  -picolines.  The  individual  b  and 
y  -picolines  were  oxidized  to  B  *-  and  y  -pyridinecarbonitriles  in  the  following  way;  Air,  dried  in  a  column  with 
calcium  chloride  and  a  bottle  with  sulfuric  acid,  was  passed  into  an  evaporator  where  it  was  saturated  with  the 
vapor  of  B  -  (b.p.  142°)  and  y  -picoline  (b.p.  144*).  The  air  flow  was  kept  at  0.6  liter/ min  and  the  evaporator 
temperature  at  35*;  under  these  conditions  $  -picoline  evaporated  at  0.788  g/hour  and  y  -picoline  at  0.68  g/hour. 

The  air,  saturated  with  the  picoline  vapor,  was  passed  into  a  heater,  where  it  was  mixed  with  ammonia, 
supplied  from  a  tank  through  a  rheometer  at  0.5  liter/ min.,  and  then  into  a  quartz  tube,  filled  with  20  cc  of 
vanadium  catalyst  and  heated  to  320-340*.  The  crystalline  B  -  and  y  -pyridinecarbonitriles  obtained  passed 
through  a  condenser  into  a  receiver  with  water;  then  to  an  aqueous  ammonia  solution,  containing  0.8  g  of  y  - 
pyridinecarbonitrile,  was  added  30  g  of  barium  hydroxide,  the  mixture  boiled  under  reflux  until  the  evolution 
of  ammonia  ceased  and  neutralized  to  pH  2-3  with  dilute  (1  :  1)  sulfuric  acid,  and  the  barium  sulfate  separated. 
The  filtrate  was  evaporated  to  50-60  ml  in  vacuum  (15-20  mm)  and  cooled  to  -5  to  -1*.-  The  precipitated 
y  -pyridinecarboxylic  acid  was  separated  and  dried  at  80-90*.  The  yield  was  0.85  g,  19.31<7o  on  y  -picoline; 
m.p.  313-315*  (from  water).  B  -Pyridinecarboxylic  acid  was  obtained  similarly.  The  yield  was  35c/o  on  B  -picoline; 
m.p.  234-236*  (from  water). 

Preparation  of  B  -pyridinecarbonamide.  To  an  aqueous  ammonia  solution,  containing  1.96  g  of  B  -pyridine¬ 
carbonitrile,  heated  to  42*,  was  added  4.5  g  of  potassium  hydroxide  and  15  ml  of  30o/o  hydrogen  peroxide.  The 
mixture  was  stirred  for  an  hour,  neutralized  with  ammonium  chloride  (4.45g),  and  boiled  under  reflux  until  the 
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evolution  of  ammonia  ceased.  The  solution  was  evaporated  In  vacuum  (15-20  mm).  The  residue  was  extracted 
with  ethyl  acetate.  The  combined  extracts  were  concentrated  and  the  crude  product  which  precipitated  was  re- 
crystallized  from  ethyl  acetate  and  dried  In  vacuum  (8-10  mm)  at  50-60*.  The  yield  (1.5  g)  was  36.5%  on  B  - 
plcoline;  m.p.  122-125*  (from  ethyl  acetate). 
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METHOD  OF  PREPARING  1,  4 -D IC  HL  OROB  UT  A  N  E 
FROM  TETRA  HYDROFURAN 

V.  I.  Lutkova  and  N.  I.  Kutsenko 


In  a  previous  communication  we  demonstrated  the  possibility  of  preparing  1,  4-dIchlorobutane  and  4,4*- 
dlchlorodlbutyl  ether  from  tetrahydrofuran  and  phosgene.  The  processes  were  carried  out  both  In  batches  and 
continuously  [1].  In  the  present  work  we  describe  a  method  of  preparing  1,4-dIchlorobutane  by  treating  tetra¬ 
hydrofuran  with  gaseous  HCl  at  an  elevated  temperature  and  normal  pressure  in  the  presence  of  ZnCl2  as  catalyst. 
The  process  was  carried  out  both  in  batches  and  continuously. 

EXPERIMENTAL 

Batch  method  of  preparing  1,4-dichlorobutane.  Into  a  four-necked  flask,  fitted  with  a  stirrer,  reflux  con¬ 
denser,  thermometer,  and  bubbler,  were  placed  72  g  (1  mole)  of  tetrahydrofuran  and  18  g  of  anhydrous  ZnCl2, 
and  3  moles  of  gaseous  HCl  was  passed  through  the  bubbler  at  60-70*.  As  the  reaction  products  were  formed, 
the  temperature  of  the  reaction  mixture  was  gradually  raised  to  120*.  The  duration  of  the  reaction  was  12  hours. 
After  cooling,  the  reaction  products  were  washed  with  water  until  neutral  to  Congo, dried,  and  fractionated  in 
vacuum.  Two  fractions  were  obtained  at  13  mm:  1)  b.p.  48-30*  (94  g),  corresponding  to  1,4-dichlorobutane  in 
74<7(,  yield,  calculated  on  tetrahydrofuran;  2)  b.p.  126-128*  (14,5  g),  corresponding  to  4,4*-dichlorodibutyl  ether 
In  a  yield  of  IA.GpJo  of  theoretical. 

The  continuous  method  was  accomplished  in  a  large-scale  laboratory  apparatus  consisting  of  a  reactor, 
which  was  a  vertical  tube  of  the  material  ATM-1  (acid-resistant  and  having  a  high  thermal  conductivity),  1500 
mm  in  length,  48  mm  in  external  diameter,  and  36  mm  in  internal  diameter,  filled  with  1425  ml  of  packing, 

2-3  mm  in  size  (crushed  porcelain  Raschig  rings),  connected  to  two  receivers  in  series,  a  condenser,  and  a  wash 
bottle  to  remove  unreacted  hydrogen  chloride.  The  reaction  tube  was  heated  with  a  heat-transfer  fluid,  consist¬ 
ing  of  a  mixture  of  diethylene  glycol  and  water  with  a  boiling  point  of  107-108*.  with  the  aid  of  an  external 
boiler.  This  form  of  heating  ensured  a  uniform  temperature  throughout  the  reactor.  The  temperature  was  meas¬ 
ured  with  a  technical  thermometer  inside  the  reactor. 

The  process  was  carried  out  in  the  following  way;  Tetrahydrofuran  with  ZnCl2  dissolved  in  it  (complete 
solution  of  the  zinc  chloride  could  only  be  achieved  by  passing  a  small  amount  of  hydrogen  chloride  through 
the  mixture)  was  introduced  into  the  reacter  at  the  top  from  a  dropping  funnel.  At  the  same  time  a  stream  of 
dry  hydrogen  chloride  was  passed  into  the  reactor  through  a  rheometer.  The  product  was  collected  in  a  receiver 
underneath  the  reactor, and  the  excess  hydrogen  chloride  was  trapped  in  water. 

Example.  Through  the  reactor  was  passed  432  g  (6  moles)  of  terrahydrofuran,  144  g  (0.176  mole  or 
d  the  weight  of  tetrahydrofuran)  of  ZnCl2'  and  295.8  liters  (481.8  g  or  13.2  moles)  of  HCl. 

Operating  conditions;  the  rate  of  tetrahydrofuran  input  was  150  ml/hour,  the  rate  of  HCl  input  90-95 
ml/hour,  the  reaction  temperature  105*,  and  the  space  velocity  0.1. 

The  reaction  products  were  treated  as  in  the  batch  process. 

Distillation  at  13  mm  yielded  two  fractions:  1)  b.p.  48-50*  (600  g),  corresponding  to  1.4-dIchlorobutane; 
78. 7<yo  yield,  calculated  on  tetrahydrofuran;  2)  b.p.  126-128*  (27  g),  corresponding  to  4,4*-dichlorodibutyl  ether 
in  a  yield  of  4.5<Jj(,  of  theoretical. 
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By  reaction  with  hydrogen  chloride  in  the  presence  of  zinc  chloride,  4,4*-dichlorodlbutyl  ether  may  be 
completely  converted  into  1.4-dichlorobutane. 

1,4-Dlchlorobutane  is  a  colorless,  mobile  liquid  which  is  insoluble  in  water  but  readily  soluble  in  the  usual 
organic  solvents;  it  has  b.p.  48-50*,  di**  1.1283,  n^*®  1.4520. 

4.4*-Dichlorodibutyl  ether  is  a  slightly  yellowish  liquid  which  is  insoluble  in  water  but  soluble  in  the  usual 
organic  solvents;  it  has  b.p.  126-128*,  d^*®  1.0747,  njj*®  1.4568. 

SUMMARY 

We  developed  batch  and  continuous  methods  of  preparing  1,4-dichlorobutane  from  tetrahydrofuran  and 
gaseous  hydrogen  chloride  in  the  presence  of  zinc  chloride  at  normal  pressure  and  an  elevated  temperature  to 
give  good  yields  of  product. 

LITERATURE  CITED 
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SYNTHESIS  OF  BENZN  A  PHT  HONE  FROM  B  -  NA  PHT  HOL 

S.  M.  Shein 

Benznaphthone,  which  Is  the  starting  material  for  the  synthesis  of  some  vat  dyes  and  acetate  silk  dyes  [1-3] 
is  prepared  by  several  methods  [4-22]. 

The  most  widely  used  method  of  preparing  benznaphthone  is  the  reaction  of  a-  or  $  -naphthol  with  glycerol 
in  COTcentrated  sulfuric  acid  [4-9]  or  in  anhydrous  hydrogen  fluoride  [10,  11]. 

For  the  reaction  in  sulfuric  acid,  m-nitrobenzenesulfonic  acid  [5-8]  and  pyroarsenic  acid  [9]  are  used  as 
oxidants,  and  manganese  acetate  and  vanadic  acid  [5]  have  been  proposed  as  catalysts. 

According  to  patent  data  [5],  condensation  of  B  -naphthol  with  glycerol  in  68<yo  sulfuric  acid  gave  a  32-36% 
yield  of  benznaphthone.  Using  the  material  in  this  patent.  Zil*berman  and  Barkov  [6]  obtained  a  50%  yield  of 
benznaphthone,  Lukin  [8]  obtained  55%,  while  Fieser  and  Hershberg  [7]  obtained  only  26%. 

The  use  of  pyroarsenic  acid  as  oxidant  gave  a  benznaphthone  yield  of  10-12%  [9]. 

Isolation  of  the  product  in  an  acid  medium  gave  a  tarry  substance  and  poor  results  were  obtained  when  the 
benznaphthone  was  subsequently  extracted  with  ether  [5-7].  This  could  be  avoided  by  adding  the  filtered  solution 
of  benznaphdione  in  sulfuric  acid  to  a  dilute  alkali  solution  at  low  temperature  [8].  On  synthesizing  benznaphthone 
according  to  data  in  patent  [5]  we  obtained  the  product  in  10  to  36%  yields. 

We  carried  out  a  comparative  investigation  of  ammonium  vanadate,  hydrated  ferrous  sulfate,  and  ferric  sul¬ 
fate  as  catalysts.  The  best  results  were  obtained  with  hydrated  ferrous  sulfate. 

Data  on  the  effect  of  catalysts  on  the  benznaphthone  yield  (H2SO4  concentration  70%  and  14  moles  of 
HjSQi  per  mole  of  B  -naphthol)  are  given  in  Table  1. 

The  effect  of  the  amount  and  concentration  of  sulfuric  acid  was  studied  (Table  2).  The  best  benznaphthone 
yield  (46-48%)  was  obtained  with  70%  sulfuric  acid  with  14-15  moles  of  the  latter  per  mole  of  b  -naphthol  and 
hydrated  ferrous  sulfate  as  catalyst. 


TABLE  1 


Catalyst 

Without 

catalyst 

NH4VO4 

Fe2S04  •  6H2O 

Fe2(S04)3 

Yield  (in  %) 

29 

to  36 

46-48 

34.38 

EXPERIMENTAL 

Benznaphthone.  A  mixture  of  700  g  of  70%  sulfuric  acid,  50  g  of  b  -naphthol,  15  g  of  hydrated  ferrous  sul¬ 
fate,  and  90  g  of  glycerol  was  heated  to  110*  and  27  g  of  sodium  m-nitrobenzenesulfonate  added  over  a  period 
of  15  minutes.  The  reaction  mixture  was  heated  to  138*,  kept  at  this  temperature  for  30-40  minutes,  and  cooled 
to  room  temperature.  The  solution  was  filtered  to  remove  the  precipitate  and  poured  into  a  mixture  of  100  g  of 
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TABLE  2 

Effect  of  Amount  and  Concentration  of  H2SO4  on  Benznaphthone  Yield 


No.  ofmol£sof  HjSQ,  ("0%) 
per  mole  of  fl  -naphthol 

HjSQi  concentration  (14  moles  per  mole 
or  8  -naphthol) 

6.8 

10.2 

14.8 

68% 

70% 

72% 

75% 

Yield  (in  %) 

21 

18 

16-48 

4t-43 

46-48 

22 

36 

Melting  point 

(In  "O 

117-1 -IS 

130-131 

146—147 

146—147 

146—147 

136—137 

130-i:« 

40c7o  sodium  hydroxide  solution  and  3000  g  of  ice  at  a  temperature  no  higher  than  5*.  The  benznaphthone  precip¬ 
itate  was  collected,  washed  with  water,  and  dried  at  50".  The  yield  was  31.2  g  or  47.5%.  The  product  contained 
5%  of  iron  hydroxide  and  had  m.p.  146-147";  after  recrystallization  from  alcohol,  it  had  m.p.  152-153",  Accord¬ 
ing  to  literature  data  the  m.p.  is  150*[10],  151*[11].  152-153"  [4,  6,  8]  and  153-154"  [5,  15]. 

A  typical  experiment  is  described  above.  Not  less  than  2-3  experiments  were  carried  out  in  parallel. 

SUMMA  RY 

It  was  shown  that  the  reaction  of  S  -naphthol  with  glycerol  (m-nitrobenzenesulfonic  acid  as  oxidant)  gave 
the  optimal  yields  (46-48%)  of  benznaphthone  in  70%  sulfuric  acid  with  14-15  moles  of  acid  per  mole  of  0  - 
naphthol.  Hydrated  ferrous  sulfate  is  proposed  as  a  catalyst  for  this  reaction. 

LITERATURE  CITED 

[1]  N.  N.  Vorozhtsov,  Bases  of  the  Synthesis  of  Intermediates  and  Dyes  [in  Russian]  (State  Chemistry  Press, 
1955),  pp.  146,  185,  and  726. 

[2]  French  Pat.  823261,  June  18,  1937;  Zbl.,  I.  3539  (1938). 

[3]  K.  Koeberle,  W.  Rohland,  and C.Steigenwald,  U.  S,  Pat.  2174751,  June  12,  1937. 

[4]  German  Pat.  283066;  Frdl.  12,  497  (1914-1916). 

[5]  German  Pat.  614940;  Zbl.  H,  3832  (1935). 

[6]  G.  B.  Zil*berman  and  S.  M,  Barkov,  Zhur.  Obshchei  Khim.  Ij  1733  (1937). 

[7]  L.  F.  Fieser  and  E.  B.  Hershberg,  J.  Am.  Chem.  Soc.  1658  (1938). 

[8]  A.  M.  Lukin,  Izvest.  Akad.  Nauk  SSSR,  OKht,  441  (1951). 

[9]  M.  lokotQ  R.  Muzaki,  N.  Kokai  and  I.  Umezu,  J.  Chem,  Soc.  Japan.  Ind.  Chem,  Sects.  56,  361  (1956); 

Ch.  A.,  10715  (1954). 

[10]  V.  Weinmayr,  U.  S.  Pat  2145905,  3  Vni  1937;  Zbl.  II.  230  (1939). 

[11]  W.  S.  Calcott  and  J.  M.  Tinker,  J.  Am.  Chem.  Soc.  61,  949  (1939). 

[12]  G.  Lock  and  G.  Gergely,  Monatsch,  79,  521  (1948). 

[13]  L.  F.  Fieser  and  M.  D.  Gates,  J.  Am.  Chem.  Soc.  2335  (1940). 

[14]  J.  Braun.  G.  Manz,  and  E.  Reinsch.  Ann.  468.  277  (1929). 

[15]  J.  W.  Cook  and  C.  L.  Hewett,  J.  Chem.  Soc.  365  (1934), 

[16]  G.  M.  Badger,  W.  Carruthers,  and  J.  W.  Cook,  J.  Chem.  Soc.  1768  (1949). 

[17]  A.  Luttringhaus  and  F.  Kaser,  German  Pat.  489571,  5,  II  1926;  German  Pat.  490358,  27  II  1926;  Zbl. 
n.  468  (1930). 


2911 


[18]  G.  Kallscher  and  E.  Holand.  491089.  25  VII  1926;  ZbI.  II.  469  (1930). 

[19]  C.  F.  Koebch  and  J.  A.  Authes.  J.  Org.  Ch.  6.  558  (1941). 

[20]  E.  Bamberger  and  M.  Philip.  Ann.  240.  178  (1887). 

[21]  H.  Vollmann.  H.  Becker.  M.  Corell.  and  H.  Steck.  Ann.  1  (1937). 

[22]  G.  Lock  and  G.  Gergely,  Ber.  77B.  461  (1944). 

Received  January  9.  1959 


2912 


SYNTHE''IS  OF  ACID  AND  MIXED  ESTERS  OF  ADIPIC  ACID 


N.  V.  Komarov  and  I.  L.  Kotlya rlTv s k i i 


Most  of  the  neutral  esters  of  dibasic  acids  have  good  lubricating  properties.  In  this  connection,  diesters 
of  dibasic  acids  have  been  used  as  special  low -temperature  lubricants.  A  number  of  articles  and  patents  [1-10] 
have  been  devoted  to  this  problem. and  they  indicate  that  branched  and  unsymmetrical  diesters  and  also  mixtures 
of  various  diesters  have  the  best  lubricating  properties. 

The  purpose  of  this  work  was  to  synthesize  a  mixed  diester  with  a  branched  radical.  The  diester  we  chose 
was  cyclohexyl  2-ethylhexyl  adipate. 

This  dIester  was  synthesized  from  adipic  acid  and  the  appropriate  alcohols  by  the  following  scheme: 

CcIlnOll-l-  lIOCO(Cn2)4COOH  CeHij00C(Cn2)4C001I 
G8lIiiO()C(CH2)4COOH  +C4H„— CHClIaOH  CoHiiOOC(CIl2)4COOCH2— CHC4II9 

I  I 

CoIIr.  C2»5 


I.e.,  through  the  formation  of  the  acid  cyclohexyl  ester  of  adipic  acid.  It  should  be  noted  that  there  are  very 
limited  data  on  the  synthesis  of  acid  esters  of  adipic  acid  based  on  the  reaction  of  the  latter  with  alcohols. 

The  literature  contains  mainly  patent  data  [4-9],  which  do  not  include  synthesis  conditions.  In  19.52 
Titov  and  Matveeva  [10,  11]  investigated  the  reaction  of  cyclohexanol  with  adipic  acid  and  attempted  to  isolate 
monohexyl  adipate,  but  were  unsuccessful.  We  obtained  this  ester  in  80.7%  yield  by  reacting  cyclohexanol  direct¬ 
ly  with  excess  adipic  acid  without  catalysts.  Reaction  of  the  acid  cyclohexyl  ester  of  adipic  acid  with  2-ethyl¬ 
hexyl  alcohol  gave  a  good  yield  of  cyclohexyl  2-ethylhexyl  adipate.  In  order  to  prove  the  structure  of  the  mixed 
ester  obtained  and  find  another  way  of  synthesizing  this  ester,  we  also  obtained  the  latter  by  another  scheme; 


C4Hj,CHCH20II  +  nOOC(CIl2)4COOH  ->  C4ll9CHCH200C(Cn2)4C00H 


C2II5 

C4lloCnCH200C(Cll2)4COOH  +  CeHiiOIl 

I 


C2II5 

C4HoCflCH200C(Cn2)4COOColI„ 

I 

Calls 


i.e.,  through  the  formation  of  mono -2-ethylhexyl  adipate.  The  acid  esters  of  adipic  acid  prepared  were  colorless, 
water -insolui  ie  liquids.  When  stored  for  a  long  time  and  when  heated  they  decomposed  to  give  adipic  acid.  Dur¬ 
ing  extraction  of  these  esters  from  the  reaction  mixture  with  a  <5%  aqueous  solution  of  sodium  hydroxide,  followed 
by  treatment  of  the  alkaline  extracts  with  dilute  hydrochloric  acid,  the  esters  were  very  readily  hydrolyzed  to  the 
original  alcohol  and  adipic  acid.  Mono -2-ethylhexyl  adipate  was  hydrolyzed  more  readily  tfian  monocyclohexyl 
adipate.  In  this  connection,  freezing  and  rapid  vacuum  distillation  were  used  to  isolate  the  acid  esters  of  adipic 
acid.  According  to  alkali  titration,  the  esters  prepared  were  98-99%  pure. 

On  comparing  the  two  methods  given  above  for  the  synthesis  of  cyclohexyl  2-ethylhexyl  adipate,  it  was 
found  that  the  most  convenient  one  was  the  first  synthesis,  i.e.,  through  the  formation  of  monocyclohexyl  adipate. 
Cyclohexyl  2-ethylhexyl  adipate  is  a  colorless  liquid  with  a  freezing  point  below  -6.5".  In  contrast  to  acid  esters, 
this  ester  is  very  stable  and  burned  extremely  slowly  during  elementary  analysis. 
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EXPERIMENTAL 

The  following  starting  materials  were  used  for  the  synthesis  of  esters:  adipic  acid  with  m.p.  152*;  cyclo- 
hexanol  with  b,p.  160*,  n^*®  1.4657,  0.9615;  2-ethylhexyl  alcohol  with  b.p.  184*,  n^*®  1.4300,  d/®  0  8332. 

Synthesis  of  monocyclohexyl  adipate.  Into  a  0.5-llter  round -bottomed  flask,  fitted  with  a  thermometer, 
dropping  funnel,  reflux  condenser,  and  modified  Dean  and  Stark  head,  was  placed  146  g  (1  mole)  of  adipic  acid. 
The  flask  was  heated  until  all  the  adipic  acid  melted.  Then  50  g  (0.5  mole)  of  cyclohexanol  was  added  dropwise. 
Water,  formed  during  the  reaction,  collected  in  the  receiver  of  the  head.  The  end  of  the  reaction  was  marked 
by  the  separation  of  the  thetxetical  amount  of  water.  For  completion  of  the  reaction  after  the  addition  of  all 
the  cyclohexanol,  the  mixture  was  usually  heated  for  a  further  1-2  hours  at  140-150*.  At  the  end  of  the  reaction, 
the  mixture  was  cooled  and  transferred  to  a  Buchner  funnel,  where  the  excess  adipic  acid  was  separated  by  filtra¬ 
tion  and  washed  with  ether.  The  ether  solution  obtained  by  washing  the  precipitate  was  transferred  to  a  distillation 
flask,  where  the  ether  was  removed  by  distillation.  The  residue  was  combined  with  the  filtrate  and  twice  cooled 
to  -  15*.  We  isolated  75  g  of  adipic  acid  and  101  g  of  crude  monocyclohexyl  adipate,  which  was  rapidly  vacuum 
distilled.  We  Isolated  92  g  of  material  with  b.p.  170-171*  (1.5  mm  Hg)  and  np*®  1.4687,  d^*®  1.0697;  the  yield 
was  80.7%. 

Found  %:  C  63.83,  63.91;  H  8.62,  8.81,  MRp  59.4. 

C11H20O4.  Calculated  o/a  C  63.13,  H  8.83;  MRp  58.9 

The  synthesis  of  2-ethylhexyl  adipate  was  carried  out  in  the  same  apparatus  and  by  a  method  analogous 
to  that  described  above.  From  146  g  (1  mole)  of  adipic  acid  and  65  g  (0.5  mole)  of  2-ethylhexyl  alcohol  we 
isolated  97  g  (75.2%)  of  substance  with  b.p.  167*  (1  mm  Hg),  n^*®  1.4497,  d^*®  0.9897. 

Found  %  C  65.41,  65.31;  H  10.23.  10.05;  MRp  70.25. 

C14H26O4.  Calculated  %  C  65.07;  H  10.14;  MRp  70.27. 

Synthesis  of  cyclohexyl  2-ethylhexyl  adipate.  1.  Into  the  apparatus  described  above  was  placed  a  mixture 
of  176  g  (0.77  mole)  of  rhonocyclohexyl  adipate  and  100  g  (0.77  mole)  of  2-ethylhexyl  alcohol.  The  mixture  was 
heated  until  the  theoretical  amount  of  water  had  been  liberated,  dried  with  sodium  sulfate,  and  vacuum  distilled. 
We  Isolated  239  g  (91%)  of  a  substance  with  b.p.  174-175*  (1  mm  Hg),  np*®  1.4592,  d*®4  0.9807. 

Found  C  69.22,  68.97;  H  10.37,  10.25;  MRp  96.14. 

C2oH3«04.  Calculated  %  C  70.54,  H  10.65;  MRp  96.17. 

The  C  and  H  analyses  are  low  due  to  the  difficulty  of  burning  the  substance. 

2.  The  synthesis  was  carried  out  analogously  to  the  previous  one.  In  it  we  used  91  g  (0.35  mole)  of  mono- 
2-ethylhexyl  adipate  and  35  g  (0.35  mole)  of  cyclohexanol.  As  a  result  we  obtained  103.5  g  (87%)  of  cyclohexyl 
2-ethylhexyl  adipate  with  the  same  constants. 

SUMMARY 

1.  Using  as  examples  the  reactions  of  adipic  acid  with  cyclohexanol  and  2-ethylhexyl  alcohol,  we  devel¬ 
oped  a  simple  method  of  synthesizing  acid  esters  of  adipic  acid. 

2.  The  possibility  of  synthesizing  mixed  esters  of  adipic  acid  was  demonstrated  by  the  reaction  of  mono¬ 
esters  of  this  acid  with  cyclohexanol  and  2-ethylhexyl  alcohol. 
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